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ABSTRACT
The f i r s t  p a r t  of t h i s  work was conducted to  search fo r  
a l l e lo ch em ica l s  from the  r i c e  v a r i e t i e s  PI346833 (moderately 
r e s i s t a n t )  and Mars ( su sc e p t ib le )  t h a t  may be re sp o n s ib le  f o r  
r e s i s t a n c e  to  f a l l  armyworm, spodoptera  f r u g ip e r d a ■ ( J .  E. Smith) 
feed ing .  Mature t i l l e r s  and seedl ings  were e x t r a c te d  with petroleum 
e t h e r  (PE), dichloromethane (DCM), acetone ,  methanol and water .  The 
search f o r  b io lo g ica l  a c t i v i t y  towards f a l l  armyworm (FAW) was 
d i r e c t e d  by growth i n h i b i t i o n  bioassay.  S ig n i f i c a n t  a n t i b i o t i c  
a c t i v i t y  t o  FAW was observed with the PE and DCM crude e x t r a c t s .  
Bioassay of  the  f r a c t i o n s  of the  PE and DCM e x t r a c t s  in d ica ted  t h a t  
the  f r a c t i o n s  from PI346833 seed l ings  adverse ly  a f f e c t e d  the  
development of FAW, mainly by blocking pupation .  P u r i f i c a t i o n  o f  one 
of  the  a c t i v e  f r a c t i o n s  (PE-4) led to  the  i s o l a t i o n  of the  
s i t o s t e r o l s  6 - s i t o s t e r o l ,  s t igm aste ro l  and campesterol and, the  
t r i t e r p e n e  i s o a r b o r in o l .  Dose-response b ioassays  with a u th en t i c  
s t ig m as te ro l  and a s i t o s t e r o l  mixture  adverse ly  a f fe c ted  the  
development of FAW but did  not show a p o s i t i v e  c o r r e l a t i o n  between 
dose and a n t i b i o s i s .
V o la t i l e  compounds of the  r i c e  seed l ings  were c o l l e c t e d  by 
dynamic headspace sampling and t rapp ing  on Tenax TA. Thermal 
desorp t ion  and cryogenic  focusing were used to  in troduce  the  v o l a t i l e  
compounds to  the  column f o r  ana lys is  by gas chromatography-mass 
spec t rometry .  Among the  compounds d e tec te d ,  tw en ty -e igh t  compounds
were i d e n t i f i e d .  Mars contained numerous and g r e a t e r  q u a n t i t i e s  of 
v o l a t i l e  compounds compared to  PI346833. Twelve compounds were found 
only in  Mars and two were found only in  P I346833.
The second p a r t  o f  t h i s  re sea rch  d e a l t  with the i s o l a t i o n  and 
i d e n t i f i c a t i o n  o f  the  major ex terna l  f lavono ids  from leaves  of 
caiamin tha a she i  (Lamiaceae).  A new f lavone ,  5 , 6 , 4 ' - t r ih y d ro x y -  
7 , 8 ,3 '  - t r im ethoxyflavone  (1 ) ,  a new n a tu ra l  aglycone, 5 , 6 , 4 ' -  
t r ihydroxy-7 ,3 ' -d im ethoxyf lavone  (Z),  5 ,4 ' - d i h y d r o x y - 6 , 7 , 8 , 3 ‘-  
te tramethoxyflavone (3) and 5 -hydroxy-6 ,7 ,8 ,3* , 4 '-pentamethoxyflavone 
(4) were i d e n t i f i e d  by spec t ro scop ic  methods.
The NMR method INAPT ( I n s e n s i t i v e  Nuclei Assigned by 
P o l a r i z a t i o n  Transfe r )  was used and demonstrated as a new general  
method of so lv ing  problems in flavonoid  s t r u c t u r e  de te rm ina t ion .
INAPT was found to be a s e n s i t i v e  and s e l e c t i v e  method of  
d i s t i n g u i s h in g  among 5 , 6 , 7 - ,  5 ,7 ,8 - s u b s t i t u t e d  f l a v o n o l / f l a v o n e  and 
5 , 6 , 7 , 8 - s u b s t i t u t e d  flavone.
xii i
PART I
SEARCH FOR ALLELOCHEMICALS IN RICE { o r m a  s a t j v a  L.)
GENERAL INTRODUCTION
The breeding of p la n t s  r e s i s t a n t  to  d i sea se  and in s e c t  pe s t s  
i s  a very e f f e c t i v e  way of minimizing pes t  management problems. To 
accomplish t h i s ,  knowledge of both a l le lochemica l  and agronomic 
f a c t o r s  a re  important f o r  the  i d e n t i f i c a t i o n  of r e s i s t a n t  v a r i e t i e s  
in p l a n t  breeding programs. The r o l e s  of  p lan t  a l le lo ch em ica l s  in 
p l a n t - i n s e c t  i n t e r a c t i o n  have received cons ide rab le  a t t e n t i o n  during 
the  pas t  years  (Hedin 1986). Alle lochemicals  are  phytochemicals t h a t  
a f f e c t  th e  behavior ,  growth, hea l th  or physiology of in s ec t s  
(Whittaker and Feeny 1971). For t h i s  reason ,  id e n t i fy in g  
a l l e lo ch em ica l s  and understanding t h e i r  r o l e s  in the  mechanisms of 
i n s e c t - p l a n t  i n t e r a c t i o n s  a re  important in the  development of 
r e s i s t a n t  p lan t s  and in the  management of  in sec t  p e s t s .
Alle lochemicals  can have negative  (allomones) o r  p o s i t i v e  
(kairomones) e f f e c t s  on in s e c t s  (Whittaker and Feeny 1971). As a 
consequence, a l le lochem ica l s  can ac t  as r e p e l l a n t s / a t t r a c t a n t s ,  
feeding d e t e r r e n t s / s t i m u l a n t s ,  o r  o v ip o s i t io n  d e t e r r e n t s / s t i m u l a n t s .  
Most of  the  a l le lochem ica l s  shown to  confe r  r e s i s t a n c e  o r  
s u s c e p t i b i l i t y  t o  p lan t s  belong to the  secondary p la n t  m e tabo l i te s  
(Hedin 1986). Both v o l a t i l e  and n o n v o la t i l e  compounds p lay  a 
s i g n i f i c a n t  ro l e  as a l l e lochem ica l s .
1
2In r e c en t  y e a r s ,  scores  o f  a l l e lo ch e m ic a l s  have been i s o l a t e d ,  
s t r u c t u r a l l y  i d e n t i f i e d ,  and bioassayed for  b io lo g ic a l  a c t i v i t y  
a g a in s t  i n s e c t s .  Hexanol, hexenols and hexenal i s o l a t e d  from p o ta to  
leaves  have been observed to  a t t r a c t  the  Colorado po ta to  b e e t l e  
Leptinotarsa d ecem i inea ta  (V isse r  1983). S i n i g r i n ,  a g lu c o s i n o la t e  
in c r u c i f e r s ,  i s  a feeding  d e t e r r e n t  t o  P a p i i i o  p o iy x e n e s  but a 
feed ing  s t im u la n t  to  cabbageworm P i e r e s  rapae  (Renwick 1983).
Gossypol in  c o t to n  in c re a se s  th e  r e s i s t a n c e  of t h i s  im por tan t crop t o  
s ev e ra l  p e s t s  (S e ig l e r  1983).  Many o th e r  p l a n t s  have been 
in v e s t ig a t e d  f o r  t h e i r  a l l e lochem ica l  con ten t .
Rice (Oryza s a t i v a  L.) i s  a very important world food c rop .
I t  i s  th e  s t a p l e  food in Asia .  One of the  major f a c t o r s  a f f e c t i n g  
r i c e  p roduc t ion  i s  p e s t  management. Rice i s  i n f e s t e d  by more than  60 
d i s e a s e s  and a t ta ck e d  by 100 in s e c t  s p e c ie s ,  r a t s ,  b i r d s  and weeds.
To so lve  th e se  problems, t h e  development o f  r i c e  v a r i e t i e s  r e s i s t a n t  
to  p e s t s  has been given emphasis (Chaudhary e t  a l .  1984).
Severa l  s t u d i e s  have been conducted on the  i s o l a t i o n  and 
t e s t i n g  o f  a l l e lo ch e m ic a l s  in  r i c e .  Oryzanone (pa ra -m ethy lace-  
tophenone) ,  i s o l a t e d  from an i n s e c t - s u s c e p t i b l e  r i c e  v a r i e t y ,  i s  an 
a t t r a c t a n t  o f  a d u l t s  and la rv ae  of th e  s t r i p e d  stem b o re r ,  c h i i o  
s u p p r e s s a i i s  Walker (Munakata e t  a l .  1959).  In the  presence  of high 
c o n c e n t r a t io n s  o f  benzoic acid  and s a l i c y l i c  a c id ,  the  growth of 
s temborer la rvae  i s  i n h ib i t e d  ( I s h i i  e t  a l . 1962). On th e  o th e r  
hand, s a l i c y l i c  acid  i s  a probing and o v i p o s i t i o n  s t im u la n t  of th e  
brown p lan thopper ,  N i ia p a r v a ta  lu g e n s  Sta l  (Sekido and Sogawa 1976).  
Other probing s t im u la n ts  of  the  brown p lan thopper  inc lude  the
3flavonoids  o r i z a t i n  and homoinetin (Sogawa 1976) and e igh t  C-glycosyl 
f lavones  (Kim e t  a l .  1985, Besson e t  a l .  1985) which were a lso  
i s o l a t e d  from r i c e .  Other s tu d ie s  on r i c e  r e s i s t a n c e  t o  brown 
planthopper ind ica ted  t h a t  o x a l ic  acid and maleic acid (Yoshihara e t  
a l .  1980) and e - s i t o s t e r o l  (Shigematsu e t  a l .  1982) a c t  as sucking 
i n h i b i t o r s .
More recent re sea rch  on v o l a t i l e s  from r i c e  have been repor ted  
to  a f f e c t  the  behavior of r i c e  i n s e c t  p e s t s .  Obata e t  a l .  (1983) 
i s o l a t e d  and i d e n t i f i e d  27 compounds from the su sc e p t ib le  r i c e  
'N ihonbare1. Among the  compounds i d e n t i f i e d ,  a mixture  of carbonyl 
compounds and isocyanura te  were found to  be potent  a t t r a c t a n t s  to  the  
brown planthopper.  However, minor u n id e n t i f i e d  v o l a t i l e  compounds 
may be more potent a t t r a c t a n t s .  Steam d i s t i l l a t e s  from r e s i s t a n t  and 
s u sc e p t ib le  r i c e  v a r i e t i e s  have been t e s t e d  fo r  t h e i r  e f f e c t s  on 
var ious  r i c e  p e s t s .  The steam d i s t i l l a t e  from a r e s i s t a n t  r i c e  
v a r i e ty  was noted to  change the  behavior of  the  green leafhopper ,  
N e p h o t e t t i x  v i r e s c e n s  from phloem feeding  to  xylem d r ink ing  (Khan and 
Saxena 1985).  Steam d i s t i l l a t e s  a l so  have s i g n i f i c a n t  e f f e c t s  on the  
behavior and physiology of s t r ip e d  stemborer la rvae  and brown 
planthoppers  (Saxena 1986). However, no compounds from these  steam 
d i s t i l l a t e s  were i d e n t i f i e d .
S tud ies  on the  a l le lochem ica l s  re spons ib le  fo r  the  r e s i s t a n c e  
o f  r i c e  to  in s ec t s  can be d i f f i c u l t .  Chemical f a c to r s  in the  r i c e  
p la n t  vary both in q u an t i ty  and q u a l i ty  depending on the  v a r i e t y ,  
c u l t u r a l  cond i t ions  and growth s tages  of the  p la n t  ( I s h i i  e t  a l .
1962). Moreover, a l le lochem ica l s  a re  o f t e n  p re sen t  in very low
4con cen t ra t io n s  and a c t i v i t y  i s  u sua l ly  observed a t  a level much 
higher  than those normally found in  the  p la n t .  I s h i i  e t  a l .  (1962) 
demonstrated t h a t  benzoic acid and s a l i c y l i c  ac id  a re  h ighly  a c t i v e  
a t  more than 356 dry weight but the  na tu ra l  level o f  th e se  ac ids  in 
the  p l a n t  i s  j u s t  0.065% and 0.013%, r e s p e c t iv e ly .  Yoshihara e t  a l .  
(1979) a l so  found t h a t  crude e x t r a c t s  from the  l e a f  sheaths  of both 
r e s i s t a n t  and su sc e p t ib le  r i c e  v a r i e t i e s  were equally  i n h i b i t o r y  to  
sucking by the  brown planthopper .  I t  seems t h a t  the  d i f f e r e n c e s  in 
t h e  p r o f i l e  of a l le lochem ica l s  between r i c e  v a r i e t i e s  are  very 
s u b t l e .
5CHAPTER 1
ALLELOCHEMICALS FROM ORGANIC EXTRACTS OF RICE VARIETIES 
VARYING IN SUSCEPTIBILITY TO DEFOLIATION BY THE 
FALL ARMYWORM, spodoptera frugiperda (J . E. SMITH)
INTRODUCTION
The r e s i s t a n c e  of r i c e  to  f a l l  armyworm, S podoptera  f r u g i p e r d a  
( J .  E. Smith) was i d e n t i f i e d  in  severa l  v a r i e t i e s  and i t s  mode of 
r e s i s t a n c e  determined (Panto ja  e t  a l .  1986). In t h i s  work, p la n t  
i n t r o d u c t io n s  (PI) 346833 and PI160842 were found to  have moderate 
r e s i s t a n c e  to  f a l l  armyworm (FAW). P I160842 was l e s s  p re fe r r e d  and 
had low d e f o l i a t i o n .  PI346833 a lso  had low d e f o l i a t i o n ,  but was 
highly  p r e f e r r e d .  'M ars ' ,  a commonly c u l t i v a t e d  v a r i e t y  t h a t  is  
highly  p re fe r r e d  and highly  d e f o l i a t e d ,  was used as a s u sc e p t ib l e  
check.
The low d e f o l i a t i o n  and high p reference  f o r  PI346833 i n d i c a t e  
t h a t  i t s  mode of r e s i s t a n c e  is  a n t i b i o s i s .  On the  o th e r  hand, the  
r e s i s t a n c e  of  PI160842 was concluded to  be due to  non-preference 
(Panto ja  e t  a l .  1986).
Res is tance  by a n t i b i o s i s  i s  shown by the  e f f e c t  of  
a l l e lo ch em ica l s  on the  growth and development of the in s e c t  p e s t .  
A n t ib io s i s  i s  manifested by reduced la rv a l  weight,  reduced pupal 
weight,  m o r t a l i t y ,  reduced fecund i ty  and prolonged development 
(S e ig le r  1983).
This study was conducted to  ev a lua te  PI346833 and PI160842 f o r  
the  a l l e lo ch e m ic a l ( s )  re spons ib le  fo r  r e s i s t a n c e  t o  FAW. Mars was
6used as  the  su sc e p t ib le  check. Growth in h i b i t i o n  b ioassays  were 
conducted on the  crude e x t r a c t s  and t h e i r  f r a c t i o n s  to  monitor the  
i s o l a t i o n  of the  p o s s ib le  a c t iv e  a l le lochemical  f a c t o r ( s ) .
RESULTS AND DISCUSSION
Bioassays
Throughout the  d iscuss ion  of the  bioassay r e s u l t s ,  the  
petroleum e th e r  (PE) f r a c t i o n s  w i l l  be r e f e r r e d  to  as PE-1, PE- 2 ,  
e t c . ,  and the  dichloromethane (DCM) f r a c t i o n s  as DCM-1, DCM-2, e t c .
Bioassays o f crude r ic e  ex tra cts  from mature r ic e  fo lia g e
Evaluation of the  bioassay data  (Table 1.1) showed t h a t  the  
PE, DCM and MeOH e x t r a c t s  had pronounced a n t i b i o t i c  a c t i v i t y .  The 
acetone  e x t r a c t  did not have an adverse e f f e c t  on th e  development and 
surv iva l  o f  FAW.
Almost a l l  of the  la rvae  fed the  PE and DCM e x t r a c t  d i e t s  were
unable t o  pupate ,  r e s u l t i n g  in very high m o r t a l i t y  (90-100%),
al though la rvae  in these  d i e t s  exh ib i ted  normal development. The 
weights  of la rvae  fed th e se  d i e t s  did  not d i f f e r  from those  fed the  
con t ro l  d i e t .
As the  larvae  fed e x t r a c t  d i e t s  grew o ld e r ,  they grew l a r g e r  
than la rv ae  fed the  con t ro l  d i e t .  Most of the  la rvae  reached the  
prepupal s t ag e .  However, the  larvae  began t o  d ie  on the  e leven th  and 
t w e l f th  days o f  th e  exper iment ,  the  normal d a te  of pupa t ion .  Some
la rvae  reached an advanced prepupal s tage  and survived u n t i l  the
twenty-second day, but they were unable to  pupate.
TABLE 1 .1 . Development and Survival o f Fall Armyworm, spodoptera frugiperda (J . E. Smith) Reared
on Diet Supplemented with Foliage Extracts from Mature Rice PI160842, PI346833, and
Mars.
Plant
In t roduc t ion Mean Weight (mg) Mean Life  (days) M or ta l i ty
and Ex t rac t
left
7-Day Larvae Pupae* Larvae**
*
Pupae %
PI160842
Pet Ether
***
295a 147a 12a 100.0
DCM 285a 243bc 12a 7.3ab 90.0
Acetone 321a 247c 12a 7.5ab 10.0
MeOH 74b 249c 15b 7.6ab 19.4
PI346833
Pet Ether 286a 266c 12a 7.3ab 90.9
DCM 302a ----- --------- - ------------ 100.0
Acetone 313a 245c 12a 7.6ab 16.7
MeOH 97b 259c 14b 8.0ab 23.3
'Mars'
Pet Ether 259a 231c 12a 7.5ab 93.3
DCM 265a 220b 12a 8.0ab 93.3
Acetone 318a 249c 12a 7.4a 10.0
MeOH 96b 251c 14b 8.3b 29.0
Control 279a 255c 12a 7.7ab 6.7
Means in  each column not followed by the  same l e t t e r  d i f f e r  s i g n i f i c a n t l y  as determined 
by Duncan's m u l t ip l e  range t e s t .
8The few la rv a e  t h a t  pupated (1-4 l a r v a e / t r e a t m e n t ) ,  
s u c c e s s f u l l y  emerged as a d u l t s .  One abnormal pupa was observed in 
each o f  the  d i e t s  with  PE and DCM e x t r a c t s  from P I 160842. These 
abnormal pupae d id  not reach the  a d u l t  s t ag e .
The methanol e x t r a c t  from a l l  v a r i e t i e s  a l s o  showed a d e f i n i t e  
a n t i b i o t i c  e f f e c t  (Table 1 .1 ) .  Larvae had lower l a rv a l  weights (26- 
3535 of  the  c o n t r o l )  and longer  l i v e s  compared to  the  c o n t ro l  and the  
o th e r  t r e a tm e n t s .  When la rvae  reached the  pupal s tage  t h e i r  
development became normal,  sugges t ing  t h a t  the  MeOH e x t r a c t  co n ta in s  
a growth i n h i b i t o r  t h a t  the  FAW can overcome. This  was manifes ted  by 
th e  low m o r t a l i t y  r a t e .
The r e s u l t s  of  the  p a r t i c u l a r  b ioassay  i n d i c a t e  t h a t  the  crude  
PE and DCM e x t r a c t s  have a l l e lo ch e m ic a l s  t h a t  a re  r e s p o n s ib le  f o r  the  
high m o r t a l i t y  o f  FAW. However, t h i s  a c t i v i t y  was observed in  both 
r e s i s t a n t  and s u s c e p t ib l e  r i c e  v a r i e t i e s .  For t h i s  reason ,  the  water  
e x t r a c t s  were t e s t e d .
Table 1.2 summarizes the  b ioassay  r e s u l t s  from the  water 
e x t r a c t s .  The water e x t r a c t s  of  P1346833, P1160842 and Mars reduced 
FAW la r v a l  weight and extended pupal l i f e .  However, the  m o r t a l i t y  
observed was not as high as t h a t  with th e  o rgan ic  e x t r a c t s .
Since t h e r e  were no d i f f e r e n c e s  observed with the  a n t i b i o t i c  
e f f e c t s  o f  t h e  crude e x t r a c t s  from both the  r e s i s t a n t  and s u s c e p t i b l e  
r i c e  v a r i e t i e s ,  the  e x t r a c t  dosage was reduced f o r  subsequent assays  
of th e  e x t r a c t  f r a c t i o n s .  Moreover, only PI346833 was used f o r  the  
succeeding s t u d i e s .
TABLE 1.2 . Development and Survival o f Fall Armyworm spodoptera frugiperda (0 . E. Smith)
Reared on Diet Supplemented with Water Extracts from Mature Foliage of Rice PI160842,
PI346833 and Mars.
Mean Weiqht (mq) Mean Life (Day) % M or ta l i ty
Rice 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
PI160842 144.2 + 13.5b 225.3 ± 19.0a 13.9 ± 0.5a 9 .6  ± 0 .7a 16.7 16.7 33.4
PI 346833 159.0 ± 23.0b 216.8 + 25.5a 13.8 ± 0 .5a 9 .4  ± 0 .8a 6.7 3.0 9.7
Mars 157.5 + 21.5b 220.2 ± 25.1a 13.5 + 0.5b 9 .3  ± 2.2a 6.9 20.7 27.6
Control 257.1 + 41.8a 199.4 ± 15.4b 12.9 ± 0.4c 8.2  ± 1.0b 6.7 6.7 13.4
Means followed by the  same l e t t e r  are  not s i g n i f i c a n t l y  d i f f e r e n t  a t  a = 0.05 in Duncan's m ul t ip le  
range t e s t .
TABLE 1 .3 . Development and Survival o f  F all Armyworm spodoptera fru g iperda  {0 . E. Smith) Reared 
on D iet Supplemented with Fractions o f Petroleum Ether (PE) Extract from Mature Rice 
PI346833.
Mean Weight (mq) Mean Life  (Day) % M or ta l i ty
Frac t ion 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
PE-1 135.4 + 21.8b 221.5 ± 25.0b 14.2 ± 0.5d 9 .0  ± 0.7bc 20.0 3.3 23.3
PE-2 139.3 ± 20.7b 228.3 ± 17.2ab 14.2 ± 0.5d 8.7  ± 1.0c 0 10.3 10.3
PE-3 149.7 ± 23.4a 226.4 ± 25.6ab 13.8 ± 0 .6e 8 .6  ± 0 .9c 0 3.3 3.3
PE-4 68.2 ± 17.9c 229.1 ± 24.5ab 15.4 ± 0.8ab 9 .3  ± 0.9ab 0 0 0
PE-5 71.1 ± 20.1c 239.6 ± 17.8a 15.3 ± 0.5b 9 .7  ± 0.9a 16.7 6.7 23.7
PE-6 131.0 ± 22.4b 229.9 ± 31.7ab 14.5 ± 0 .6c 9 .3  + l.Oab 3.3 13.3 16.6
Control 55.5 + 13.9d 233.0 + 19.0ab 15.6 ± 0 .6a 9 .5  ± 0.9ab 10.0 6.7 16.7
Means followed by the  same l e t t e r  are  not s i g n i f i c a n t l y  d i f f e r e n t  a t  a = 0.05 in Duncan's m u l t ip le  
range t e s t .
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Bioassays o f Fractions from the Mature Foliage Extracts
Table 1.3 summarizes the  da ta  on growth i n h i b i t i o n  by th e  PE 
f r a c t i o n s  from PI346833. The PE f r a c t i o n s  showed no adverse e f f e c t s  
on the  growth and development of FAW. Compared to  the  c o n t r o l ,  the  
PE e x t r a c t  f r a c t i o n s  promoted higher la rv a l  weights ,  and the  pupal 
weights  were s t a t i s t i c a l l y  the  same. There was a s i g n i f i c a n t  
inc rease  in pupal l i f e  of those FAW reared with f r a c t i o n s  PE-1, PE-4, 
PE-5, and PE-6, but the  m o r t a l i t y  r a t e  was low.
Like the  PE f r a c t i o n s ,  the  DCM f r a c t i o n s  from mature PI346833 
t i l l e r s  had l i t t l e  a c t i v i t y  (Table 1 .4 ) .  All of the  f r a c t i o n s  caused 
s i g n i f i c a n t l y  higher l a rv a l  weights.  Only f r a c t i o n s  DCM-5 and DCM-6 
caused a s i g n i f i c a n t  reduct ion  in pupal weight but the  m o r t a l i t y  
r a t e s  of la rvae  fed these  f r a c t i o n s  were lower than those fed the  
con t ro l  d i e t .
Compared to  th e  assay r e s u l t s  on the PE and DCM e x t r a c t  
f r a c t i o n s  from mature PI346833 f o l i a g e ,  the  f r a c t i o n s  from mature 
Mars t i l l e r s  caused more adverse e f f e c t s  on the  growth and su rv iva l  
of FAW (Table 1 .5 ) .
Mars f r a c t i o n s  PE-5 caused the  h ighes t  m o r t a l i t y  r a t e  (76.7%). 
The FAW larvae  grown with t h i s  f r a c t i o n  a lso  exh ib i ted  s i g n i f i c a n t l y  
lower weights.  Likewise,  la rva l  l i f e  and pupal l i f e  were 
s i g n i f i c a n t l y  higher than those of the  con tro l  and the  o the r  
t r ea tm en t  d i e t s .  Next t o  PE-5, PE-1 and PE-4 a lso  caused high 
m o r t a l i t y  r a t e  (43.3% fo r  each).  The la rva l  weigh ts ,  pupal weights 
and la rv a l  l i f e  were s t a t i s t i c a l l y  the  same f o r  PE-1 and PE-4 as the  
c o n t r o l .
TABLE 1 .4 . Development and Survival o f Fall Armyworm spodoptera frugiperda (J . E. Smith) Reared
on Diet Supplemented with Fractions o f Dichloromethane (DCM) Extract from Mature Foliage
of Rice PI346833.
Mean Weight (mq) Mean Life (Day) % M or ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
DCM-1 92.0 + 23.0b 225.9 + 17.7bc 14.8 ± 0.6bc 8.9  ± 0.9bc 0 3.3 3.3
DCM-2 132.5 ± 19.1a 221.2 ± 19.1bcd 14,3 ± 0.5c 8.7  + 0 .8c 13.3 3.3 16.6
DCM-3 98.5 ± 21.3b 227.0 ± 21.2bc 14.8 ± 0.5bc 8 .8  ± 0.9c 6.9 3.4 10.3
DCM-4 102.9 + 25.0b 242.9 ± 19.2a 14.8 + 0.5bc 9 .2  ± 0.8abc 6.7 3.3 10.0
DCM-5 96.0 ± 27.2b 212.3 ± 31. Od 15.1 ± 2.1b 9 .4  ± 1.2ab 6.7 6.7 13.4
DCM-6 101.2 ± 26.1b 219.8 ± 24.4cd 15.0 ± 0.7b 8.9  ± 1.2bc 0 3.4 3.4
Control 55.5 ± 13.9c 233.0 + 19.0ab 15.6 ± 0 .6a 9 .5  ± 0 .9a 10.0 6.7 16.7
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e r e n t  a t  a = 0.05 in Duncan's mult iple
range t e s t .
TABLE 1 .5 . Development and Survival o f Fall Armyworm Spodoptera frugiperda (J . E. Smith)
Reared on Diet Supplemented with Fractions of Petroleum Ether (PE) Extract from
Mature Foliage of Rice Variety Mars.
Mean Weight (mg) Mean Life (Day) % M or ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult  Total
PE-1 101.7 ± 19.0ab 225.6 ± 27.0a 14.4 ± 0.5d 9 .2  ± 0.6ab 23.3 20.0 43.3
PE-2 67.6 ± 20.8c 225.1 + 20.6a 15.1 ± 0.6b 8 .8  ± 0.6bc 13.3 26.7 40.0
PE-3 107.1 ± 37.6a 224.3 ± 22.3a 14.4 ± 0.8d 8.8  ± 0.7bc 13.3 0 13.3
PE-4 89.3 ± 20.6b 225.2 ± 17.7a 14.5 ± 0.7cd 9 .4  ± 0 .6a 33.3 , 10.0 43.3
PE-5 32.2 ± 15.7d 222.0 ± 18.3a 16.2 ± 1.2a 9 .2  ± l.Oab 73.3 3.3 76.6
PE-6 70.2 ± 27.9c 224.9 ± 21.6a 14.9 + 0.7bc 8.7  ± 0.5c 3.3 13.3 16.6
Control 88.7 ± 29.2b 229.8 ± 20.5a 14.6 ± 0.7cd 8.7 ± 0.8c 10.0 13.3 23.3
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e ren t  a t  a = 0.05 in Duncan's mult iple
range t e s t .
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Among the  DCM f r a c t i o n s  from mature Mars f o l i a g e ,  f r a c t i o n  
DCM-3 caused the  h ighes t  m o r t a l i t y  (56.756), followed by DCM-6 (46.736) 
and DCM-1 (43 . 336) (Table 1 .6 ) .  Larvae fed with DCM-3 amended d i e t  
had weights s i g n i f i c a n t l y  higher than those fed the  con tro l  d i e t ,  and 
la rv a l  l i f e  was sh o r te r  than on the  con t ro l  d i e t .  The pupal l i f e  of 
la rvae  fed DCM-3 d i e t  was not d i f f e r e n t  from la rvae  fed con t ro l  
d i e t .  The majo r i ty  of the  m o r t a l i t y  on the  DCM-3 d i e t  occured in  the
la rv a l  and prepupal s tag e s .  The phys io log ica l  e f f e c t  of DCM-1 and
DCM-6 d i f f e r  from t h a t  o f  DCM-3. Larvae fed both DCM-1 and DCM-6 had 
g r e a t l y  reduced weights (about o n e - th i rd  weights o f  la rvae  fed the  
con t ro l  d i e t ) .  The la rva l  l i f e  in these  f r a c t i o n  d i e t s  was a l so  
s i g n i f i c a n t l y  longer than larvae  fed the  con tro l  d i e t .  Pupal weights 
and pupal l i f e  were s im i la r  to  t h a t  on con tro l  d i e t .  M or ta l i ty  in 
la rvae  fed both f r a c t i o n s  was mainly due to  f a i l u r e  of pupae to  
emerge (5 in DCM-1, 8 in DCM-6). Both f r a c t i o n  d i e t s  a l so  had four
larvae  t h a t  f a i l e d  t o  pupate.
PE and DCM e x t r a c t s  of mature r i c e  f o l i a g e  of Mars caused 
g r e a t e r  adverse phys io log ica l  e f f e c t s  on FAW la rvae  than s im i l a r  
e x t r a c t s  o f  PI346833. This i s  s u rp r i s in g  s ince  Mars i s  a FAW 
s u s c e p t ib l e  v a r i e t y .  I t  i s  not unusual though f o r  a s u sc e p t ib le  
v a r i e ty  to  show some adverse e f f e c t s  on an in s e c t  p e s t .  As Reese 
(1983) p o in t s  ou t ,  even a su sc e p t ib le  p la n t  con ta ins  some de fens ive  
f a c t o r s  a g a in s t  p e s t s .  Likewise,  Yoshihara e t  a l .  (1979) a l so  found 
t h a t  crude e x t r a c t s  from both r e s i s t a n t  and su sc e p t ib le  v a r i e t i e s  
con ta in  sucking in h ib i to r s  of brown planthopper.
TABLE 1 .6 . Development and Survival o f Fall Armyworm spodoptera frugiperda (J. E. Smith) Reared
on Diet Supplemented with Fractions of Dichloromethane (DCM) Extract from Mature
Foliage of the Rice Variety Mars.
Mean Weight (mq) Mean Life (Day) % M o r ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
DCM-1 30.6 ± 10.2e 228.9 ± 29.1a 16.2 ± 0 .8a 8.9  ± 0.8abc .30.0 13.3 43.3
DCM-2 59.0 ± 22.7c 226.0 ± 21.9ab 15.2 + 0.8b 8.7 ± 0.6bc 6.7 6.7 13.4
DCM-3 118.9 + 28.7a 214.3 ± 21.5b 14.0 ± 0.8d 9 .2  ± 0.6ab 40.0 16.7 56.7
DCM-4 59.3 ± 23.0c 234.3 ± 21.5a 15.4 ± 0.7b 8.9 ± l.Oabc 13.3 13.3 26.6
DCM-5 44.3 + 2 1 .6d 228.4 ± 24.1a 15.9 ± 1.1a 8 .6  ± 0.8c 23.3 13.3 36.6
DCM-6 28.4 ± 11.2e 229.5 ± 20.5a 16.2 ± 1.1a 9.3  ± 1.0a 36.7 10.0 46.7
Control 88.7 ± 29.2b 229.8 ± 20.5a 14.6 ± 0.7c 8.7  ± 0.8bc 10.0 13.3 23.3
Means followed by the same l e t t e r  are not s ig n i f ic an t ly  d i f f e ren t  a t  a = 0.05 in Duncan's multiple
range t e s t .
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Bioassays o f  Fractions from Seedling Extracts
Rice seedl ing  e x t r a c t s  were a l so  bioassayed, s ince  the 
a n t i b i o t i c  e f f e c t  of organic  e x t r a c t s  from the  mature f o l i a g e  of 
PI346833 were le s s  than th a t  of Mars and because r e s i s t a n c e  to FAW in 
PI346833 was i d e n t i f i e d  in the  seed l ing  s tage  (Panto ja  e t  a l .  1986).
Among the  PE f r a c t io n s  from P1346833 seed l in g s ,  PE-6 and PE-4 
caused th e  h ig h es t  m o r t a l i t y  (83% and 73%, r e s p e c t i v e l y ) ,  followed by 
PE-3 and PE-5 (47% and 50%, r e s p e c t iv e ly )  (Table 1 .7 ) .  Growth of FAW 
larvae  fed PE-6 d i e t  was most adverse ly  a f fec ted  a t  the  prepupal 
s t a g e s ,  as ind ica ted  by reduc t ion  in l a rv a l  weight and the  
s i g n i f i c a n t  inc rease  in la rva l  l i f e .  In the  PE-3, PE-4, and PE-5 
amended d i e t s ,  l a rv a l  and pupal weights and development t imes were 
s im i l a r  to  o r  b e t t e r  than those larvae  fed con tro l  d i e t ,  but 
m o r t a l i t y  was high in  the  pupal s tage .
From the  DCM e x t r a c t ,  four  f r a c t i o n s  were de t r im enta l  to  the  
su rv iva l  of  FAW (Table 1 .8 ) .  Larvae fed d i e t s  amended with DCM-6 
su f fe red  high m o r t a l i t y  (90%), g r e a t ly  reduced la rv a l  weigh ts ,  and 
g r e a t l y  prolonged la rva l  l i f e .  DCM-1 a lso  caused cons ide rab le  LAW 
m o r t a l i t y  (70%), reduced la rva l  weights,  and s i g n i f i c a n t l y  longer 
l a r v a l  l i f e .  The pupal weight of la rvae  fed DCM-1 was h igher  (a = 
0.05) than la rv a e  fed con tro l  d i e t ,  but 42% of the  pupae did  not 
emerge. This suggests t h a t  g r e a t e r  pupal weight i s  not a good index 
of pupal v i a b i l i t y .
TABLE 1 .7 . Development and Survival o f  Fall Armyworm spodoptera fru g iperda  (J . E. Smith) Reared on
D iet Supplemented with Fractions o f  Petroleum Ether (PE) Extract from Rice PI346833
Seed lin gs.
Mean Weight (mg) Mean Life  (Day) % M o r ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
PE-1 213.7 ± 52.8ab 204.3 ± 19.8ab 12.5 ± 0.8bc 8.4  ± 0 .6a 3.3 3.3 6.6
PE-2 223.3 + 6 9 .Sab 212.8 ± 22.5ab 12.4 ± 0.6bc 8.7 ± 0 .6a 20.0 13.3 33.3
PE-3 234.1 ± 47.0a 211.3 ± 3 l .8ab 12.4 ± 0.5bc 8 .8  + 0 .6a 33.3 13.3 46.6
PE-4 174.1 ± 53.0cd 209.8 ± 28.4ab 13.1 ± 1.1a 8 .8  ± 0 .9a 56.7 16.7 73.4
PE-5 165.1 ± 46.3de 198.9 ± 26.5b 12.8 ± 0.4ab 8 .6  + 0 .6a 40.0 10.0 50.0
PE-6 143.1 ± 52.9e 221.2 ± 15.3a 13.1 ± 0.5a 8 .9  ± 0 .9a 63.3 20.0 83.3
Control 197.8 ± 58.6bc 208.1 ± 2 l .5ab 12.1 ± 1.1c 8 .6  ± 0 .9a 6.7 16.7 23.4
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e r e n t  a t  q = 0.05 in Duncan's mul tiple
range t e s t .
TABLE 1 .8 . Development and Survival o f Fall Armyworm spodoptera frugiperda (J. E. Smith) Reared
on D iet Supplemented with Fractions o f Dichloromethane (DCM) Extract from Rice PI346833 
S eed lin gs.
Mean Weight (mg) Mean Life (Day) % M or ta l i ty
Frac t ions  8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
DCM-1 169.2 ± 46.6cd 230.5 ± 18.5a 12.9 ± 0.3bc 8 .3  ± 0.7ab 53.3 16.7 70.0
DCM-2 174.1 + 53.0bc 208.3 + 21.9c 12.6 ± 0 .7c 8 .6  ± 0.6ab 6 .7  . 30.0 36.7
DCM-3 204.4 ± 63.3a 223.3 ± 20.9ab 12.6 ± 0.9c 8.9  ± 1.3a 26.7 26.7 53.4
DCM-4 146.2 + 4 0 .6d 222.2 ± 23.6abc 13.1 + 0.5b 8 .3  ± 0.8ab 13.3 3.3 16.6
DCM-5 188.2 ± 40.5abc 218.0 ± 27.3abc 12.7 ± 0.6bc 8.2  ± 0.6b 6.7 16.7 23.4
DCM-6 83.1 + 4 6 .5e 210.1 ± 18.2bc 15.2 ± 1.0a 8 .6  ± l.Oab 70.0 20.0 90.0
Control 197.8 ± 58.6ab 208.1 ± 21.5c 12.1 + l . l d 8 .6  ± 0.9ab 6.7 16.7 23.3
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e r e n t  a t  a = 0.05 in Duncan's mult iple
range t e s t .
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The b ioassays  with the  PE and DCM f r a c t i o n s  from Mars 
see d l in g s  ind ica ted  l e s s  b io lo g ic a l  a c t i v i t y  in  t h e se  e x t r a c t  
f r a c t i o n s  than in s im i l a r  f r a c t i o n s  from PI346833 e x t r a c t s  (Table 
1 . 9 ) .  The h ighes t  m o r t a l i t y  observed among th e  PE f r a c t i o n s  was 
33.4% (PE-6) which was mainly due to  a d u l t  m o r t a l i t y .  Note t h a t  wi th 
PE-6, the  l a rv a l  weight ,  l a rv a l  l i f e  and pupal l i f e  a re  adverse ly  
a f f e c t e d ,  but t h i s  d id  no t  cause high m o r t a l i t y .  In a l l  th e  
t r e a tm e n t s  with PE f r a c t i o n s ,  more than h a l f  o f  the  m o r t a l i t y  r a t e s  
were due t o  abnormal and /or  s h o r t - l i v e d  a d u l t s .  In th e  assays  with 
DCM f r a c t i o n s  (Table 1 .1 0 ) ,  only DCM-3 had an adverse  e f f e c t  on FAW 
b io lo g y ,  inc luding  a 43% m o r t a l i t y  r a t e .
The o v e ra l l  a c t i v i t y  o f  the  f r a c t i o n s  from mature PI346833 and 
Mars t i l l e r s  was lower than  the a c t i v i t y  observed with the  f r a c t i o n s  
from th e  see d l in g s .  These r e s u l t s  ind ica ted  t h a t  q u a l i t a t i v e  or 
q u a n t i t a t i v e  a l le lochem ica l  con ten t  of s ee d l in g  and mature f o l i a g e  i s  
d i f f e r e n t .  Also,  the  h igher  b io lo g i c a l  a c t i v i t y  o f  some PE and DCM 
f r a c t i o n s  from PI346833 s eed l in g s  sugges ts  t h a t  PI346833 c o n ta i n s  
a l l e lo c h e m ic a l s  t h a t  c o n t r i b u t e  to  i t s  r e s i s t a n c e  to  d e f o l i a t i o n  by 
FAW.
The adverse e f f e c t s  of the  a c t i v e  PE and DCM f r a c t i o n s  from 
both PI346833 and Mars a re  c o n s i s t e n t  with the  e f f e c t s  observed with 
t h e  crude e x t r a c t s .  The same e f f e c t s  such as f a i l u r e  to  pupate  and 
dea th  of pupa were th e  major causes  of m o r t a l i t y .  I t  was observed 
t h a t  l a r v a l  death occurred a t  th e  prepupal s tag e  when th e  l a r v a  has 
burrowed i n t o  the  d i e t .  At t h i s  s t a g e ,  th e  l a r v a l  s i z e  has been 
g r e a t l y  reduced. In some cases  tann ing  of the  d o rsa l  p a r t  o f  the
TABLE 1 .9 . Development and Survival o f Fall Armyworm spodoptera frugiperda (J . E. Smith) Reared
on Diet Supplemented with Fractions of Petroleum Ether (PE) Extract from Rice
Mars Seedlings.
Mean Weight (mg) Mean Life  (Day) % M or ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
PE-1 47.7 ± 14.0b 221.7 ± 2 1 . lab 16.1 ± 0 .7c 10.4 ± 1.0a 0 0 0
PE-2 45.5 ± 12.1b 225.1 ± 17.6ab 16.1 ± 0 .7c 10.8 ± 0 .9a 3.3 20.0 23.3
PE-3 48.0 ± 15.6b 220.3 ± 20.3b 16.3 ± l.Obc 10.4 + 1.0a 10.0 13.3 23.3
PE-4 36.1 ± 6.1c 222.4 + 22.0ab 17.9 ± 0.8a 10.3 ± 0.6a 10.0 16.7 26.7
PE-5 52.5 ± 11.2ab 226.6 ± 20.9ab 16.7 ± 0.8b 10.7 ± 0 .8a 0 0 0
PE-6 48.2 + 13.5b 228.8 ± 24.2ab 16.3 ± l.Obc 10.4 ± 0 .8a 6.7 26.7 33.4
Control 55.5 ± 13.9a 233.0 + 19.0a 15.6 ± 0.6d 9 .5  ± 0.9b 10.0 6.7 16.7
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e r e n t  a t  a = 0.05 in Duncan's mult iple
range t e s t .
TABLE 1.10. Development and Survival of Fall Armyworm spodoptera frugiperda (J . E. Smith) Reared
on Diet Supplemented with Fractions of Diehloromethane (DCM) Extract from Rice
Mars Seedlings.
Mean Weiqht (mq) Mean Life  (Day) % M or ta l i ty
Frac t ions 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
DCM-1 46.1 ± 7.9c 223.6 + 18.7bc 16.2 + 0.8b 10.5 ± 1.2ab 6.7 6.7 13.4
DCM-2 56.9 ± 16.2b 224.0 ± I9.2bc 16.0 ± 0.6bc 10.2 ± 1.0b 0 3.3 3.3
DCM-3 26.0 ± 10.Od 218.3 ± 12.0c 18.0 ± 0 .8a 11.0 ± 1.1a 16.7 26.7 43.4
DCM-4 51.6 ± 14.6bc 224.1 ± 16.8bc 16.3 + 0.9b 10.5 ± 0.9ab 0 0 0
DCM-5 71.1 ± 20.0a 240.4 ± 29.0a 15.4 ± 0.6d 10.3 ± 0.9b 6.7 3.3 10.0
DCM-6 26.8 ± 9 . Id 226.7 ± 19.0bc 18.0 ± 0 .8a 10.8 + l.Oab 3.3 3.3 6.6
Control 55.5 ± 13.9b 233.0 ± 19.0ab 15.6 ± 0.6cd 9 .5  + 0 .9c 10.0 6.7 16.7
Means followed by the same l e t t e r  are not s ig n i f i c a n t ly  d i f f e r e n t  a t  a = 0.05 in Duncan's mult iple
range t e s t .
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head was observed. Sof t  and deformed pupae were a l so  observed. The 
l a rv a l  weight,  pupal weight,  l a rv a l  l i f e  and pupal l i f e  were a l so  
a f f e c t e d  but adverse e f f e c t s  on these  b io lo g ica l  paramete rs  did  not 
always lead to  high m o r t a l i t y .  This was demonstrated by most of the  
PE f r a c t i o n s  from Mars s eed l in g s .
The e x t r a c t  dosage a l so  a f f e c t e d  the  phys io log ica l  a c t i v i t y  on 
FAW l a r v a e .  When the  amount of  the  crude e x t r a c t  supplement in  the 
d i e t  was twice the  amount t h a t  occurred  in the  r i c e  f o l i a g e ,  
m o r t a l i t y  was observed a t  the  prepupal s tag e .  However, when th e  
amount of th e  e x t r a c t  supplement was s im i l a r  to  t h a t  found in  the  
p l a n t ,  m o r t a l i t y  was observed a t  both the  prepupal and the  pupal 
s t ag e .  Thus, these  a l le lochem ica l s  block pupation a t  higher dosage 
but  a t  lower dosage,  i t  a l so  causes pupal m o r t a l i t y .
Based on the  observed b io lo g ic a l  a c t i v i t y  in the  b io a ssay s ,  i t  
i s  p o s s ib l e  t h a t  these  a c t iv e  compound(s) s p e c i f i c a l l y  a f f e c t s  the  
endocr ine  mediated s tages  in in s e c t  development. An a n t i - j u v e n i l e  
hormone c a l l ed  precocene II  has been repor ted  by Mathai and Nair t o  
cause precocious  metamorphosis in armyworm (Bowers, 1985). This same 
compound has been found by Cupp e t  a l .  (1977) t o  i n h i b i t  pupat ion  in 
th e  ye llow fe v e r  mosquito,  Aedes a e g y p t i .  How the a l l e lo ch em ica l s  
from r i c e  compare with the  a c t i v i t y  of the  precocene I I  has to  be 
v e r i f i e d .
Dose Response B ioassays o f S ito s te r o ls
The f r a c t i o n s  from PI346833 seed l ings  (Table 1.7) t h a t  showed 
the  h ig h e s t  a c t i v i t y  were PE-6 (83.3%) and DCM-6 (90.0%), followed by
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PE-4 (73.4%). The i s o l a t i o n  and p u r i f i c a t i o n  of compounds from PE-6 
and DCM-6 proved t o  be very d i f f i c u l t  due to  i t s  gummy cons is tency  
and high p o l a r i t y .  Thus, p u r i f i c a t i o n  of  PE-4 was performed, leading 
to  t h e  i s o l a t i o n  of  a mixture of the  p h y to s t e r o l s :  e - s i t o s t e r o l ,
s t igm as te ro l  and campesterol  and the  t r i t e r p e n e  i s o a r b o r i n o l . To 
v e r i f y  the  a c t i v i t y  of these  s t e r o l s ,  a dose response bioassay was 
performed on the  au th en t ic  s tandards  of  s t igm as te ro l  and the  mixture  
of e - s i t o s t e r o l ,  s t igm as te ro l  and campestero l .
Some s t igm aste ro l  amended d i e t s  caused higher FAW m o r t a l i t y  
than the  con t ro l  d i e t ,  however m o r t a l i t y  among a l l  s t ig m as te ro l  doses 
ranged from 17-60% (Table 1 .11) .  A s im i l a r  range of e f f e c t s  was 
noted among d i e t s  amended with d i f f e r e n t  con cen t ra t io n s  of the  B- 
s i t o s t e r o l  mixture (23-70%) (Table 1 .12 ) .  As observed p rev ious ly  
with the  r i c e  f o l i a g e  e x t r a c t s ,  the  adverse e f f e c t s  were noted a t  or 
a f t e r  the  prepupal s tage .
Although the  trea tments  in  the  dose-response  assay showed 
higher  m o r t a l i t y  compared to  the  c o n t r o l ,  r eg re ss io n  a n a ly s i s  showed 
no e f f e c t  of s t e r o l  dose on the  FAW growth parameters  measured.  The 
d a ta  i n d i c a t e  t h a t  the  B - s i t o s t e r o l  mixture i s  s l i g h t l y  more t o x i c  
than s t ig m as te ro l  alone.  This may be due to the  h igher  a c t i v i t y  of  
pure B - s i t o s t e r o l  or  pure campesterol  or the  mixture.
These p h y to s te ro l s  a re  needed by in s e c t s  f o r  normal growth and 
development, and s p e c i f i c a l l y  f o r  the  b io sy n th es i s  o f  e c d y s te ro id s .
At h igher  dosage, i t  i s  p o s s ib le  t h a t  the  FAW larvae  e i t h e r  s eq u es te r  
or de to x i fy  excess s t e r o l s  ingested  in the  d i e t .  FAW larvae  d e to x i fy  
these  s t e r o l s  using i t s  mixed func t ion  ox idases  (MFO) in the  presence
TABLE 1 .1 1 . Development and Survival o f Fall Armyworm spodoptera frugiperda  (0 . E. Smith) Reared 
on D iet Supplemented with Stigm asterol.
Stigmaste ro l Mean Weight (mg) Mean Life  (Day) % Morta l i ty
ppm 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
125 289.2 ± 56.8 200.0 + 19.8 12.1 + 0.5 8.0 + 0.7 16.7 23.3 40.0
250 227.5 ± 48.8 223.4 + 23.8 12.4 + 0.7 8.1 + 0.8 30.0 3.3 33.3
500 239.2 + 82.1 211.6 + 27.0 12.8 + 0.7 8.3 + 0.8 10.0 20.0 30.0
1000 221.1 ± 49.1 221.4 + 19.2 12.3 + 0.6 8.2 + 0.8 26.7 26.7 53.4
1500 164.7 ± 47.7 223.6 + 23.7 13.0 + 0.7 8.6 + 0 .8 40.0 20.0 60.0
2000 171.3 ± 31.5 217.1 + 20.6 12.8 + 0 .6 8.1 + 0.7 6.7 10.0 16.7
4000 285.8 + 68.6 228.0 + 20.4 12.3 + 0 .5 8.5 0.8 36.7 16.7 53.4
Control 147.0 ± 30.7 224.5 + 20.2 13.6 + 0.7 8 .8 + 1.2 20.0 13.3 33.3
TABLE 1.12. Development and Survival o f Fall Armyworm spodoptera frugiperda (J . E. Smith) Reared
on Diet Supplemented with S ito stero l Mixture.
B - s i to s t e r o l  Mean Weiqht (mq) Mean Life  (Day) % M or ta l i ty
ppm 8 Day Larvae Pupae Larvae Pupae Larvae/Pupae Adult Total
125 211.3 + 53.5 225.5 + 26.6 12.8 ± 0 .6 8.8  ± 0.4 46.7 16.7 63.3
250 120.2 + 27.9 213.2 + 13.5 14.0 ± 0 .5 8 .8  + 0 .7 26.7 16.7 43.3
500 211.4 + 42.2 226.1 + 24.8 12.6 ± 0 .6 8.1 ± 0.9 6.7 23.3 30.0
1000 186.2 + 40.2 224.9 + 22.6 13.0 ± 0.5 8 .6  ± 0 .8 23.3 13.3 36.7
1500 205.9 + 41.0 229.7 + 29.5 12.9 ± 0 .8 8 .5  ± 1.0 56.7 0 56.7
2000 142.4 + 28.7 219.6 + 19.5 13.8 ± 0.7 8.7  ± 0 .6 56.7 13.3 70.0
4000 114.8 + 32.2 199.3 + 32.7 14.5 + 1.5 8.1  + 0.9 10.0 13.3 23.3
Control 147.0 + 30.7 224.5 + 20.2 13.6 ± 0.7 8.8  ± 1.2 20.0 13.3 33.3
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o f wore potent MFO Inducers (Yu 19B7). I f  th ese  s te r o ls  are used by 
In sec ts  fo r  the b iosyn th esis  o f  ecd y stero id s , 1t i s  p o ss ib le  th a t the  
p h y sio lo g ica l balance may be disturbed by producing too much 
ecd y stero id , e sp e c ia lly  I f  no d e to x if ic a t io n  mechanism i s  used.
Isolation and Identification of Sitosterols
Among the a c tiv e  fr a c t io n s , PE-4 was analyzed fu rth er  fo r  i t s  
c o n s t itu e n ts . PE-4 i s  composed mainly o f  tr iterp en o id  compounds as 
in d ica ted  by the JH NMR o f th is  fr a c tio n  (Figure 1 .1 ) .
The main components o f  PE-4 were found to  be th e s i t o s t e r o ls .  
The MS data on t h is  mixture showed m olecular ions at 414, 412 and 400 
which correspond to  e - s l t o s t e r o l , stigm asterol and cam pesterol, 
r e s p e c t iv e ly . The id e n t if ic a t io n  of the three components were 
performed by the s i ly la t io n  o f the mixture and the subsequent 
a n a ly s is  o f  the s l l y l  d er iv a tiv e s  by GC-MS. Comparison o f the NMR 
and GC-MS data o f  the r ic e  s te r o ls  w ith the data from the au then tic  
sample confirmed th e ir  id e n t ity .
H
e -S ito s te r o l Stigm asterol Campesterol
e .o 8 . 0 7 . 0 5 . 0
PPM
3 . 0
F i g u r e  1.1. H NMR s p e c t r u m  of fr act ion PE-4 from P I 3 4 6 8 3 3  seedling.
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I so la t io n  and Id en tif ica tio n  o f Isoarborinoi
Another component i s o l a t e d  from the  PE-4 f r a c t i o n s  was a white 
s o l i d  which appeared to  be le s s  po la r  than the  s i t o s t e r o l s .  The 
J H NMR d a ta  ind ica ted  the presence of s ix  methyl groups bonded to 
qua te rnary  carbons and two methyl groups bonded to a t e r t i a r y  carbon. 
These two methyl groups appeared as double ts  a t  60.82 and 60.89 and 
had the  same coupling cons tan t  ( j  = 6.9 Hz) in d ic a t in g  th e  presence  
of an isopropyl group. A double t  a t  65.23 ( j  = 6.1 Hz) in d ica ted  the  
presence of  an o l e f i n i c  proton while the  double t  o f  a double t  
a t  63.21 ( j  = 4 .1 ,  11.5 Hz) suggested the  presence o f  a proton next 
to  an alcohol group. The complex m u l t i p l e t  s ig n a l s  a t  the
61.2 -  2.1 a rea  which in te g r a t e s  fo r  twenty-four protons  in d ica ted  
the  presence of  methylene and methine pro tons .  These NMR data  
ind ica ted  t h a t  the  molecule i s  a t r i t e r p e n e .
The 13C NMR da ta  (Figure 1.2 and Table 1.13) allowed f o r  the  
de te rm ina t ion  of the  number of carbons in  the  molecule. Moreover, 
DEPT ( D i s to r t i o n l e s s  Enhancement by P o la r i z a t io n  Transfer)  
experiments allowed fo r  the  dete rmination  of the  carbon 
m u l t i p l i c i t i e s  in the  molecule (Derome 1987). The carbon double t  a t  
6114.3 and the  carbon s i n g l e t  a t  6148.8 confirmed the  presence of  a 
t r i s u b s t i t u t e d  alkene moiety.  Likewise, the  double t  a t  678.9 
suggested the  presence of  a secondary a lcohol .
The mass sp ec t ra l  d a ta  of t h i s  compound was very s im i l a r  to  
the  fragmenta tion p a t t e r n  of the  t r i t e r p e n e  i soarbor ino i  
(Budzikiwiecz e t  a l .  1963, Obafemi e t  a l .  1979). Comparison o f  the  
melting  po in t  (Vorbruggen e t  a l . ,  1963) and the  JH NMR da ta  (Nes e t  
a l .  1984) f u r t h e r  confirmed the  i d e n t i t y  of  the  compound i s o l a t e d .
 j - 1 1 1 I' 1 11 [ - ' • ■ ■ ' 1 1 'pi 'i 'I 1 1' ■] 1 "  1 > ' "  »] 1 1 'T '  1 1 111 1' 11 1 1 1 1 | 1 1 1 1» 11 1 ■ | rr n  | H 11 | i i n | i n n »»» i 11 n ip  n i | i 11 i 11 11 i | i n r | i n T| 111111111 p
150 140 130 120 110 100 90 90 70 60 50 40 30 20
PPM
1 3
F i g u r e  1.2* C NMR S p e c t r u m  of i s o a r b o r i n o i .
ro
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TABLE 1 .1 3 . J3C NMR Spectral Data3 of Isoarborinoi
Carbon 6,  ppm Carbon 6, ppm
1 35.9 t 16 36.0
2 27.8 t 17 42.8
3 78.9 d 18 52.1
4 39.0 s 19 20.2
5 52.3 d 20 28.2
6 21.4 t 21 59.6
7 28.2 t 22 30.7
8 41.0 d 23 26.7
9 148.8 s 24 15.6
10 39.6 s 25 22.1
11 114.3 d 26 17.0
12 36.0 t 27 15.3
13 36.8 S 28 14.0
14 38.2 s 29 22.1
15 29.6 t 30 23.0
aS o lven t :  CDCl?, IMS as i n t e r n a l  s tanda rd .  Carbon m u l t i p l i c i t y
was determined By DEPT NMR exper iments .
^Assignment based on 13C assignments  of c y l i n d r i n  (Blunt and 
Munro 1980).
from r i c e  p l a n t s  as i s o a r b o r i n o i .  The assignment of t h e  carbon 
s i g n a l s  was performed by comparison with the  13C assignment of 
c y l i n d r i n ,  th e  methyl e th e r  of i s o a r b o r in o i  (Blunt and Munro 1980).  
I so a rb o r in o i  has been i s o l a t e d  from the roo t  and l e a f  c a l l u s  t i s s u e s  
o f  r i c e  (Yanagawa e t  a l .  1972).
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HO
Isoarbor inoi
CONCLUSIONS
I t  is  apparen t t h a t  the  PE and DCM e x t r a c t s  from r i c e  f o l i a g e  
co n ta in  a l le lochem ica l s  t h a t  cause adverse e f f e c t s  on th e  development 
of FAW and high m o r ta l i ty  r a t e s  a t  the  prepupal and pupal s tages  of  
growth. The h igher  a c t i v i t y  of  the  PE and DCM e x t r a c t s  from PI346833 
seed l ings  i n d ic a te s  t h a t  th e se  e x t r a c t s  con ta in  a l l e lo ch e m ic a l s  t h a t  
may be re sp o n s ib le  f o r  moderate r e s i s t a n c e  t o  FAW d e f o l i a t i o n .  
However, i t  i s  d i f f i c u l t  t o  determine the  s p e c i f i c  v a r i e t a l  
a l le lochem ica l  f a c t o r  t h a t  confers  r e s i s t a n c e  to  PI346833 because of 
the  s im i l a r  chemical p r o f i l e  of  both P1346833 and Mars. To gain  a
b e t t e r  unders tanding of  the  chemical p r o f i l e  of  these  two r i c e
v a r i e t i e s ,  the  s tudy of  v o l a t i l e  a l l e lo ch em ica l s  emit ted  by r i c e  t o
i t s  environment w i l l  be important.
I t  i s  c l e a r  t h a t  the  s i t o s t e r o l s  and s t ig m as te ro l  can cause 
d e l e t e r i o u s  e f f e c t s  on the  growth of FAW. However, th e  growth 
i n h i b i t i o n  bioassay r e s u l t s  did not show a p o s i t i v e  c o r r e l a t i o n  
between dose and t o x i c i t y .
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EXPERIMENTAL
Plant Material
Rice p la n t s  were grown in  the  Louisiana S ta te  U n ive rs i ty  
greenhouse on Perkins Road, Baton Rouge, Louisiana .  The p l a n t s  were 
maintained in  a f looded s t a t e .  The mature t i l l e r s  were ha rves ted  
a f t e r  e leven weeks a t  the  prebooting s tage  while the  seed l ings  were 
harvested  a t  the  f o u r - l e a f  s tage  (Yoshida, 1981). The t i l l e r s  were 
c u t  above ground, washed with  water to  remove s o i l ,  d r ied  in a drying 
chamber a t  60°C f o r  5 hours and ground in a Wiley m i l l .
Extraction
Ground r i c e  samples were soaked in petroleum e th e r  (110 y / l ) ,  
f i l t e r e d  and the  res idue  washed with f r e s h  so lven t  tw ice .  The 
e x t r a c t i o n  was repeated  twice.  The combined f i l t r a t e  was 
concentra ted  in a ro ta ry  evapora tor  under vacuum a t  30°C u n t i l  a 
th i c k  syrup was ob ta ined .  The p la n t  re s idue  was d r ied  a f t e r  
e x t r a c t i o n  and then e x t rac ted  in the  same manner with DCM, ace tone  
and methanol (MeOH).
Eighty grams of r i c e  res idue  was soaked in ca 550 ml water  and 
f i l t e r e d .  The water e x t r a c t  volume was ad jus ted  to  y i e l d  283.3 ml to  
s u b s t i t u t e  the  water p a r t  in the  p in to  bean d i e t  (80 g dry w t . ) .  The 
b ioassay  was c a r r i e d  out as descr ibed  below f o r  crude e x t r a c t s  except 
t h a t  no a - c e l l u l o s e  was used.
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F ractionation  of Crude Extracts
A crude PE e x t r a c t  from 40 g dry r i c e  t i l l e r  was f r a c t i o n a t e d  
by vacuum l iq u id  chromatography (Coll and Bowden 1986) on a 2.7 cm ht 
x 4 cm. o .d .  column of 7LC s i l i c a  gel (25 g s i l i c a  g e l /g  e x t r a c t ) .
The e x t r a c t  was introduced to  the  column by p re -ad so rp t io n .  
F r a c t io n a t io n  of the PE crude e x t r a c t  was c a r r i e d  out with the 
s o lv e n t s :  hexane, hexane-benzene (1 :1 ) ,  benzene, DCM, ethy e t h e r  and
MeOH. For the  DCM crude e x t r a c t  the  so lven ts  used were: hexane,
benzene, DCM, DCM-ethyl e th e r  ( 1 :1 ) ,  and MeOH. In each case ,  ca .  10 
ml so lven t  per 0.1 g e x t r a c t  were used,  except f o r  the  e l u t i o n  with 
DCM, where up to 15 ml per 0.1 g e x t r a c t  was used. Six f r a c t i o n s  
(PE-1 to  PE-6; DCM-1 to  DCM-6) were c o l l e c te d  and used f o r  the  
b ioassay  experiments.
Bioassays o f Crude Extracts
E x t rac t s  from 80 g dry mature r i c e  fo l i a g e  were b ioassayed by 
d i s so lv in g  th e  PE, DCM, acetone and MeOH e x t r a c t s  in DCM, acetone ,  
w a ter -ace tone ,  and w a te r ,  r e s p e c t iv e ly .  The so lu t io n s  were added to
5 .4  g a- c e l l u l o s e ,  d r ied  in a r o t a r y  evaporator (MacMillian e t  a l . 
1969) and then by a vacuum pump. Water was then added to  make a 
th i c k  s l u r r y  which was added to  ca 250 ml of  warm l iq u id  p in to  bean 
d i e t  (Smith and Fischer 1983). Control d i e t  was prepared by adding
5.4 g of  a -  cel  t r e a te d  with e i t h e r  DCM or acetone in s tead  of  the  a- 
c e l l u l o s e  + e x t r a c t  mixture.
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The d i e t s  were dispensed in to  polys tyrene  d i e t  cups 
(30 / t rea tm en t )  and allowed t o  cool a t  room temperature  f o r  4 hours .  
One neonate FAW la rva  {1 hr  old) was in troduced to  each cup and the  
cups were capped with paper l i d s .  All t rea tm en ts  were arranged 
randomly in  t r a y s  and kept in  a humid chamber a t  28°C and 14:10 hr 
l i g h t : d a r k  photoperiod.  FAW growth and development were monitored by 
measuring i t s  la rva l  weight,  pupal weight,  l a r v a l  l i f e ,  pupal l i f e  
and m o r t a l i t y .  The m o r t a l i t y  da ta  were recorded as m o r t a l i t y  in the  
l a rv a l  and pupal s tage  and m o r t a l i t y  due to  emergence of abnormal
and/or s h o r t - l i v e d  a d u l t s  ( l e s s  than one day) .  The d a ta  were
sub jec ted  to  a one-way a n a ly s i s  of var iance  and the  means were 
separa ted  by Duncan's m ul t ip le  range t e s t  using Kramer's adjustment 
f o r  unequal numbers of observa t ions .
B ioassays o f Extract Fractions
F rac t ions  o f  the  crude e x t r a c t s  from 40 g dry r i c e  f o l i a g e  
were d is so lved  in  DCM, d r ied  under a g e n t l e  stream of n i t rogen  gas 
and then d r ied  f u r t h e r  using a vacuum pump. P in to  bean d i e t  
con ta in ing  40 g dry wt were prepared with the  e x t r a c t  mixture and 
dispensed in to  31 d i e t  cups.  Egg masses of  FAW were s t ap l ed  on the  
paper cups and allowed t o  hatch in one cup of  t rea tm en t  or con t ro l  
d i e t .  Meanwhile, the  o th e r  d i e t s  were kept in the  r e f r i g e r a t o r .  The 
la rv ae  were t r a n s f e r r e d  to  each d i e t  cup [warmed to  room temperature
(RT)] four days a f t e r  ha tching . The same cond i t ions  were used as in
th e  bioassay of  the crude e x t r a c t s .
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Dose Response Bioassays of  S i t o s t e r o l s
Pin to  bean d i e t s  conta ining 40 g dry in g red ien ts  were added 
with 5,  10, 20, 40, 60, 80, and 160 mg of  a u th en t i c  s t igm as te ro l  to  
fo rmula te  d i e t s  with s t e r o l  concen tra t ions  of 125, 250, 500, 1000, 
1500, 2000, and 4000 ppm, r e s p e c t iv e ly .  The same amounts of the  
s i t o s t e r o l  mixture ( e - s i t o s t e r o l ,  s t igm aste ro l  and campesterol)  were 
a lso  used in a d i f f e r e n t  experiment,  a- Cel lu lose  was not used.  The 
same procedure f o r  bioassay was used as descr ibed  in the  b ioassays  of 
e x t r a c t  f r a c t i o n s .
I s o l a t i o n  of  S i t o s t e r o l s  and Isoarbor inoi
F rac t ion  PE-4 (414 mg) was t r e a t e d  with a c t i v a te d  carbon and 
f i l t e r e d  y ie ld in g  a c l e a r  yellow s o lu t io n .  Vacuum l iq u id  
chromatography (VLC) of  the  so lu t ion  using hexane and inc reas ing  
p o l a r i t y  o f  hexane-DCM afforded 34 10 ml f r a c t i o n s .  P rep a ra t iv e  TLC 
of  f r a c t i o n s  19-22 on a s i l i c a  gel p l a t e  with 2% MeOH in DCM gave two 
spo ts  corresponding to  s i t o s t e r o l s  (27.5 mg, Rf 0.54)  and 
i so a rb o r in o i  (10.2 mg, Rf 0 .81 ) .
S i t o s t e r o l s .  Colo r less  c r y s t a l s ;  EIMS m /z : 414, 412, 400. The 
s t e r o l  mixture (0 .4  mg) was placed in  a screw cap v ia l  with a t e f l o n  
septum. Two hundred pi of Tr i-Sil /TBT reagent (P ierce  Chemical Co.) 
was in troduced in to  the  v ia l  using a Hamilton sy r inge  according to 
the  method of  Chambaz and Horning (1967). The mixture was allowed to  
s tand  a t  RT f o r  at  l e a s t  24 hr.
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One gl of the  s i l y l a t e d  mixture was chromatographed using a 
polydiphenyld imethyls iloxane column (All tech RSL-200) in a Hewlett 
Packard 5895 GC-MS instrument.  GC cond i t ions  were: c a r r i e r  gas He;
i n i t i a l  temperature ,  220°C (11 min); programming r a t e ,  5°C/min; f i n a l  
tempera ture ,  280“C (3 min);  t o t a l  run time 26 min. The GC r e t e n t i o n  
time (min) and molecular ions were: campesterol  18.6 ,  400 mu: 
s t igm as te ro l  19.3,  412 mu; 6- s i t o s t e r o l  20.5 ,  414 mu. An a u th en t i c  
sample of  s i t o s t e r o l  mixture (Aldrich Co.) was analyzed in the  same 
manner.
I s o a rb o r in o l .  C3qH5q0 ( c o lo r l e s s  s o l i d ;  mp (unconnected) 291- 
292°C [ l i t .  (Vorbruggen e t  a l .  1963) 295-296°CJ; J H NHR (400 MHz, 
CHCl3- d l t  TMS), 6 in ppm: 0.76 ( s ,  28-CH3) ,  0.77 ( s ,  25-CH3) ,  0.81 
( s ,  24-CH3) ,  0.82 ( s ,  23-CH3) ,  0 .98 ( s ,  27-CH3) ,  1.03 ( s ,  26-CH3) ,
0.82 (d ,  J22,29 = 6*9 Hz» 29- CH3)* ° - 89 (d * J22,30 = 6 *9 Hz* 30-CH3) ,  
3.21 (dd,  j 2>3 = 4 .1 ,  11.5,  H-3), 5.23 (d, J n >12 = 6.1 Hz, H - l l ) ,
1.2 -  2 .1  (complex s i g n a l s ,  24H); 23C NMR (100 MHz, C H C^-d^  in 
Table 1.13 and Figure 1.2;  EIMS, m/z ( r e l .  i n t . ) :  426 (37, M+* 
C30H5 0 ° )* 411 <90* m+*“CH3 ),  393 (21,  M+*-CH3-H20 ) , 273 (15, M+*- 
c 10H2l)* 259 ( 50* H+*-Ci2H23),  241 (26, 259-H20) .
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CHAPTER 2
DYNAMIC HEADSPACE VOLATILES FROM THE FOLIAGE OF RICE CULTIVARS 
VARYING IN RESISTANCE TO THE FALL ARMYWORM, spodoptbra frugipbrda
(J . E. SMITH)
INTRODUCTION
V o l a t i l e  c o n s t i tu e n t s  of  p lan t s  play a v i t a l  r o l e  in  p l a n t -  
in s e c t  i n t e r a c t i o n s .  Since v o l a t i l e s  are  emitted by p l a n t s  to  t h e i r  
surroundings ,  i n s e c t s  can perceive  t h e i r  presence through sensory 
c e l l s  located  on o l f a c to r y  s e n s i l l a  (1 ) .  For t h i s  reason, v o l a t i l e s  
can a c t  as in s e c t  a t t r a c t a n t s  or  r e p e l l a n t s .  Secondary p la n t  
m e ta b o l i t e s  a l so  play a ro le  in a n t i b i o s i s ,  thus  a f f e c t in g  the  
behavior and physiology of in s ec t s  (2 ) .  To understand the  fu n c t io n  
of v o l a t i l e s  in  p l a n t - i n s e c t  i n t e r a c t i o n ,  i t  i s  v i t a l  to  know the  
p r o f i l e  of  v o l a t i l e s  in p lan t s  and i d e n t i f y  th e  s t r u c tu r e s  of  the  
p r o f i l e  components.
L i t t l e  i s  known about the v o l a t i l e  components o f  r i c e  p l a n t s .  
Saxena e t  a l .  i s o la t e d  v o l a t i l e  mixtures from r i c e  p la n t s  by steam 
d i s t i l l a t i o n  t h a t  a f fec ted  the  behavior of the  brown plan thopper 
(N ila p a rv a ta  lu g e n s  S t a l ) (3 ) ,  s t r i p e d  Stemborer ( c h i io  
s u p p r e s s a i i s ) , and green leafhopper (N e p h o te t t i x  v i r e s c e n s  D is tan t )  
(2 ) .  However, the  components of the  mixture were not i d e n t i f i e d .
Obata e t  a l .  (4) i d e n t i f i e d  twenty-seven compounds from th e  
steam d i s t i l l a t e  o f  the  su sc e p t ib le  r i c e  v a r i e t y  Nihonbare. Among 
th e  compounds i d e n t i f i e d ,  a mixture of i socyanura te  and carbonyl 
compounds were found to  a t t r a c t  brown planthopper.
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A major d isadvantage  of o b ta in in g  v o l a t i l e s  by steam 
d i s t i l l a t i o n  i s  the  p o s s ib le  p roduc t ion  of a r t i f a c t s  due t o  hea t in g  
and t h e  i n t r o d u c t io n  of contaminants  from the  so lven ts  and dry ing 
a g e n t s .  Steam d i s t i l l a t i o n  a lso  r e q u i r e s  a la rge  amount o f  sample. 
Moreover, g r ind ing  o r  macera tion o f  leaves can lead to  th e  format ion  
of enzyme-catalyzed o x id a t io n  products  (6 ) .
Recen t ly ,  dynamic headspace sampling (DHS) and c o n c e n t r a t io n  
has been used in s tudying  v o l a t i l e  compounds in environmenta l  water  
and va r ious  food samples (7 ) .  This  procedure can be used to  t r a p  
v o l a t i l e s  w i thout  labo r ious  sample p re p a ra t io n  and does not r e q u i r e  
e x te n s iv e  sample heat ing  th u s ,  minimizing th e  formation of 
a r t i f a c t s .  DHS has been used f o r  c o l l e c t i n g  v o l a t i l e s  from leaves  o f  
wheat ( 6 ) ,  p o t a to  (1 ) ,  and s t raw berry  (8 ) .  In a l l  i n s t a n c e s ,  the  
t rapped  v o l a t i l e s  were e lu te d  with a s u i t a b l e  so lven t  f o r  gas 
chromatography-mass spectrometry  (GC-MS) a n a ly s i s .
To avoid the  use of e l u t i o n  s o lv e n t ,  thermal d e so rp t io n  and 
c ryogenic  focus ing  has been most r e c e n t l y  used to  in t roduce  the  
v o l a t i l e s  t o  th e  GG column f o r  GC o r  GC-MS a n a ly s i s  (9 ) .
Rice v a r i e t y  PI ( p l a n t  in t r o d u c t io n )  346833 i s  modera te ly  
r e s i s t a n t  and 'Mars ' s u s c e p t ib l e  t o  feeding  by f a l l  armyworm (FAW), 
sp o d o p te ra  fr u g ip e r d a  ( J .  £. Smith) la rvae  (10) .  In t h i s  s tudy ,  
th e se  two r i c e  v a r i e t i e s  were analyzed f o r  t h e i r  v o l a t i l e  p r o f i l e s  
and composi t ion by DHS-GC-MS method. The major v o l a t i l e  components 
were i d e n t i f i e d  by GC and mass s p e c t r a l  comparison w i th  s ta n d a rd s .
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RESULTS AND DISCUSSION
The dynamic headspace v o l a t i l e s  from seedling f o l i a g e  o f  the  
r i c e  v a r i e t i e s  'Mars' and PI346833 were purged and trapped in a 
column of Tenax TA using the  se t -u p  shown in Figure 2 .1 .  The t rapped 
v o l a t i l e s  were desorbed in a Tekmar sample c o n ce n t ra to r  and analyzed 
by gas chromatography and mass spectrometry  (GC-MS). The t o t a l  ion 
chromatograms (TIC) (Figure  2.2) showed t h a t  the  two v a r i e t i e s  had 
remarkable q u a l i t a t i v e  and q u a n t i t a t i v e  d i f f e r e n c e s  in t h e i r  v o l a t i l e  
p r o f i l e s .  The s u scep t ib le  v a r i e ty  'Mars'  conta ined  a g r e a t e r  number 
of headspace v o l a t i l e s  than  the  moderately r e s i s t a n t  P1346833- I t  i s  
a l so  apparent  t h a t  'Mars'  produced l a rg e r  amounts of v o l a t i l e s .  The 
expanded TICs of th e  v o l a t i l e  compounds a re  shown in Figure  2.3 and 
Figure 2 .4 ,  r e s p e c t i v e ly .
Table 2.1 l i s t s  the  28 compounds i d e n t i f i e d  from both r i c e  
v a r i e t i e s .  Their  molecular s t r u c tu r e s  a re  shown in  Figure 2 .5 .
Among those  i d e n t i f i e d ,  four teen  compounds were p re sen t  in both 
v a r i e t i e s ,  twelve compounds were p resen t  only in 'Mars'  and two were 
found only in  PI346833. The v o l a t i l e s  were composed of  3 
hydrocarbons,  1 monoterpene, 4 a ldehydes,  2 ke tones ,  3 enones,  2 
d ienones ,  3 a lco h o l s ,  4 ena ls  and 6 d i e n a l s .  S ix teen  compounds were 
i d e n t i f i e d  by comparing t h e i r  mass s p ec t ra  and r e t e n t i o n  in d ices  with  
those  of s tandard  compounds. Figure 2.6 shows an example of th e  mass 
spectrum of one of the  v o l a t i l e  c o n s t i t u e n t s  in comparison with 
a u th e n t i c  E ,E -2 ,4 -heptadiena l  (peak 19). The o the r  v o l a t i l e s  were 
t e n t a t i v e l y  i d e n t i f i e d  by computer matching t h e i r  mass s p e c t r a  with 
those  s to red  in  the  NBS/NIH/EPA/MSDC Data Base s to red  in the  HP MSD
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Ob  c
nwtti*
A= (UHP) UI1ro high purity Helium lonk 
B= Metering volve 
C= S h u t-o f f  volve 
0 s Hydrocarbon t ra p  
E s Oxygen t rap  
F s Kovar m eta l-g lass  connection 
G- Glass sample holder 
H= S ta in le s s  s tee l co lum n with Tenax  TA 
I s  M etal sp r ing
Figure  2 . 1 .  Se t -up  f o r  th e  c o l l e c t i o n  o f  v o l a t i l e s  from r i c e  f o l i a g e  
by dynamic headspace sampling.
ChemStation.  An example o f  the  mass spectrum of a r i c e  v o l a t i l e  
compound, 6 -m e thy l-5-hep ten-2-one  (peak 12) with th e  l i b r a r y  mass 
spectrum i s  shown in  Figure  2 .7 .
Based on t h e  p e rcen t  peak a r e a  of each component, t h e  most 
abundant compounds in  both r i c e  v a r i e t i e s  a re  hexanal ,  E ,E -2 ,4 -  
h e p ta d i e n a l ,  Z ,Z -2 ,4 -h ep tad ien a l  and E-2-hexenal .  T o ge the r ,  t h e se  
fo u r  compounds comprise more than  50% of  th e  t o t a l  v o l a t i l e  
components i n  each v a r i e t y .  Hexanal and E-2-hexenal have been known 
to  be components of  the  "green l e a f  odor" o f  p l a n t s  (1 ) .  These 
compounds commonly r e p re s e n t  C6 aldehydes ,  a l co h o l s  and a c e t a t e s  
which a re  produced by th e  o x id a t iv e  d eg rada t ion  of u n s a tu r a t e d  l e a f
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F i g u r e  2.2. T o t a l  ion c h r o m a t o g r a m s  of d y n a m i c  h e a d s p a c e  v o l a t i l e
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F i g u r e  2.3. T o t a l  ion c h r o m a t o g r a m  (TIC) of d y n a m i c  h e a d s p a c e  v o l a t i l e  
c o m p o u n d s  from rice va ri et y ’Mars' se edl ings.  The peak 
nu m b e r  c o r r e s p o n d s  to the peak numb er in T a b l e  2.1 and 
s t r u c t u r e  nu m b e r  in Fi g u r e  2.5.
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Figure  2 . 3 .  TIC of  v o l a t i l e  compounds from ’Mars' ( c o n t i n u e d ) .
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Figure  2 . 3 .  TIC of  v o l a t i l e  compounds from 'Mars' ( c o n t i n u e d ) .
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Fig u r e  2.4. Total ion c h r o m a t o g r a m  (TIC) of dyna m i c  h e a d s p a c e  v o l a t i l e  
c o m p o u n d s  from rice P I 3 4 6 8 3 3  se edlings. The peak number  
c o r r e s p o n d s  to the peak number in T a b l e  2.1 and st r u c t u r e  
nu m b e r  in Fi gure 2 . 5 .
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Figure  2 . 4 .  TIC of  v o l a t i l e  compounds from PI346833 ( c o n t i n u e d ) .
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Figure  2 . 4 .  TIC of  v o l a t i l e  compounds from PI346833 ( c o n t i n u e d ) .
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Table 2 .1 . Dynamic Headspace V o la tile  Compounds Id en tif ied  from Mars 
and PI346833 Rice Seed lin gs.
Peak
No.a Compound Mars PI346833 Standard
. % Peak 
RId Area
% Peak 
RI Area
Rl
1 Pentanal 966 0.30 982
2 Hexanal 1085 27.70 1094 20.91 1085
3 3-Penten-2-one --- ------ 1137 0.15 1128
• 4 3-Methyl-2-butenal 1146 1.56 1140 2.31 ------
5 Heptanal 1190 1.31 1192 0.75 1189
6 E-2-Hexenal 1231 6.33 1228 9.54 1 2 2 2
7 6 -Methyl-2-heptanone 1240 0 . 2 1 — — ------
8 3 ,5 -0c tad iene — ------ 1270 0 . 2 0 ------
9 Limonene 1292 0.16 1 2 0 0
1 0 5-Nonen-2-0ne 1314 0 . 2 0 ------
1 1 2-Heptenal 1331 0.76 1329
1 2 6 -Methyl-5-hepten-2-one 1343 0 . 6 6 ------
13 2-Penten-l -o1 1347 2.84 1332 4.54 1318
14 Nonanal 1387 0.51 1398
15 2,4-Hexadienal 1412 1.33 1410 0.84 -------
16 E-2-0ctena l 1431 0 . 6 8 1435
17 7-0c ten -4 -o l 1457 1.27 1456 1.06 ------
18 Z,Z-2,4-Heptadienal 1477 8 . 1 0 1474 11.72 ------
19 E,E-2,4-Heptadienal 1508 9.69 1502 14.19 1500
2 0 Z,Z-3 ,5-0ctadien-2-one 1531 6.06 1527 3.79 ------
2 1 E,E-3 ,5-0c tadien-2-one 1580 2.72 1578 1.62 -------
2 2 3-Methyl-4-heptanone 1614 3.12 1610 1.93 ------
23 Z,Z-2.4-Nonadienal 1708 0.41 1711 0.44 1710
24 Naphthalene 1751 1.69 1755 1.92 1746
25 Z,Z-2,4-Decadienal 1770 0.34 1778
26 E,E-2,4-Decadienal 1816 0.26 1827
27 lH-Indene-1-e thy l i  dene 1863 0.13 -------
28 Benzyl Alcohol 1890 0.16 1891
aPeak number corresponds to  the  peak numbers on the  TICs in Figures 
2.3 and 2 .4  and s t r u c t u r e  numbers in Figure 2 .5 .
bRI = r e t e n t i o n  index.
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Figure  2 .5 .  S t r u c t u r e s  of dynamic headspace v o l a t i l e  compounds 
from 'Mars' and P1346833 r i c e  s e e d l in g s .
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Figure 2.5.  (continued)
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Figure 2 .5 .  (continued)
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Fi g u r e  2.6. Bottom). Mass s p e c t r u m  of E, E- 2,4- h e p t a d i e n a l  from rice
(peak 19) and top). Ma ss s p e c t r u m  of the E , E - 2 , 4 -  heptad i e n a l  
s t a n d a r d .
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F i g u r e  2.7. B o t tom). M a s s  s p e c t r u m  of 6 - m e t h y l - 5 - h e p t e n - 2 - o n e  from rice 
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from the library.
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f a t t y  ac ids  such as l i n o l e i c  and l i n o l e n i c  ac id s  (1 ) .  Most of th e  
o th e r  v o l a t i l e s  i d e n t i f i e d  are  a l so  products  of the  ox ida t ive  
degrada t ion  of unsatura ted  f a u y  ac ids  ( 1 2 ).
V isse r  (1) s tudied the  response of  d i f f e r e n t  in s e c t s  toward C6  
aldehydes ,  enols and ace ta t e  i s o l a t e d  from pota to  leaves .  I t  was 
found t h a t  d i f f e r e n t  i n s e c t s  responded d i f f e r e n t l y  t o  each 
compound. I t  i s ,  t h e r e f o r e ,  p o s s ib le  t h a t  each in sec t  could be 
a t t r a c t e d  or  r e p e l l ed  by a p la n t  depending on the  composit ion and 
r e l a t i v e  concen t ra t ion  of  each v o l a t i l e  component.
Some of the  compounds i d e n t i f i e d  from the  r i c e  seed l ings  have 
been found as v o l a t i l e  components of  o the r  ce rea l  p l a n t s .  E-2- 
Hexenal,  nonanal,  limonene ( 6 ) as well as hexanal,  h ep tana l ,  E-2- 
heptenal and E-2-octenal (5) were de tec ted  in  wheat leaves .
V o l a t i l e s  from whole o a t  leaves  were repo r ted  to  con ta in  hep tan a l ,  
nonanal,  E ,E-2 ,4 -decad iena l ,  limonene and 6 -methyl-5-hepten-2-one 
(13) .  Likewise,  benzyl alcohol has been found in  ba r ley  leaves  (14) .
I t  i s  i n t e r e s t i n g  to  note t h a t  in comparison with PI346833, 
the  r i c e  v a r i e ty  'Mars '  produces a l a r g e r  number of v o l a t i l e  
compounds as well as in  l a rg e r  amounts. A q u a n t i t a t i v e  comparison of 
the  peak a reas  o f  the  common v o l a t i l e s  produced by th e  two r i c e  
v a r i e t i e s  in a s in g le  chromatogram showed t h a t  Mars produced from 17 
to  46 t imes  more v o l a t i l e s  than  PI346833. The amount of  heptanal was 
46 t imes g r e a t e r  and E-2-hexenal was 17 t imes g r e a t e r  in 'Mars ' than 
in PI346833.
Mars has been found to  be highly  s u sc e p t ib le  to  FAW based on 
i t s  high d e f o l i a t i o n  r a t e  and FAW's high feeding p re fe rence  f o r  t h i s
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r i c e  v a r i e t y  (1 0 ) .  I t  i s  p o s s ib le  t h a t  'Mars'  produces  l a rg e  amounts 
o f  a t t r a c t a n t s  which makes i t  a p r e f e r r e d  host  f o r  t h i s  i n s e c t  
p e s t .  Since t h e r e  a re  16 compounds (12 i d e n t i f i e d  and 4 unknown) 
p r e s e n t  in 'Mars-' t h a t  were not d e tec te d  in  PI346833, i t  i s  p o s s ib l e  
t h a t  a s p e c i f i c  c o n s t i t u e n t  and/or  a combination o f  s ev e ra l  compounds 
may a c t  as a t t r a c t a n t s  and /or  feed ing  s t im u la n t s  o f  'Mars '  towards 
c e r t a i n  i n s e c t  s p e c i e s .  Converse ly ,  3 -penten-2-one  and 3 ,5 -  
o c t a d i e n e ,  which were not de tec ted  in  'Mars'  but were p re s en t  in very 
small amounts in  PI346833, a re  p o t e n t i a l  c an d id a te s  f o r  l a b o ra to ry  
t e s t s  on t h e i r  e f f e c t  on the  behavior  of FAW as  feed ing  d e t e r r e n t s  or  
r e p e l l a n t s .
Sp ecu la t io n  on the p o s s ib le  fu n c t io n s  o f  t h e se  v o l a t i l e  l e a f  
components t h a t  may make P1346833 more r e s i s t a n t  t o  FAW than 'Mars '  
w i l l  r e q u i r e  more d e t a i l e d  exper imental  v e r i f i c a t i o n .
Nonanal was found in  'Mars'  bu t not in  PI346833. This 
compound was found t o  be the  c h i e f  v o l a t i l e  component in l i v e  wheat 
stem r u s t  spores  (P ucc in ia  g ra m in is  var .  t r i t i c i )  (1 5 ) .  Nonanal i s  
a l s o  a h igh ly  a c t i v e  germination s t im u lan t  o f  wheat stem r u s t ,  wheat 
l e a f  r u s t  (p. r e c o n d i t a ) ,  Oat Crown r u s t  (p. r e c o n d i ta  F. sp .  avenae)  
and common corn r u s t  (p . s o rg h i)  (16) .
Another i n t e r e s t i n g  s tudy could involve  s t r u c t u r e - a c t i v i t y  
r e l a t i o n s h i p s  of  r e l a t e d  v o l a t i l e s  such as 6-methy l-5-hep ten-2-one  
and i t s  s a t u r a t e d  form 6-methyl-2-heptanone. 6-Methyl-5-hepten-2-one  
has been i s o l a t e d  as a minor component o f  th e  u redospores  of wheat 
stem r u s t  (15) .  This  compound s t im u la te d  th e  ge rm ina t ion  of 
uredospores  of wheat stem r u s t ,  o a t  crown r u s t  (p . co ro n a ta  F. sp.
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avenae) (16) .  6-Methyl-5-hepten-2-one i s  a l so  the  alarm pheromone of 
th e  iridomyrmex  spec ies  of ants  (17) .  I t  w i l l  be i n t e r e s t i n g  to  know 
th e  ro l e  of  these  compounds in r i c e - i n s e c t  i n t e r a c t i o n .
EXPERIMEHTAL
Plant M aterial.
Rice v a r i e t i e s  Mars and P1346833 were grown in  the  Louis iana 
S t a t e  Univers i ty  Greenhouse on Perkins  Road, Baton Rouge, Louis iana .  
Seeds were germinated on September 19, 1987 and p lan ted  on September 
22. The p la n t s  were maintained in a f looded s t a t e .  The a e r i a l  p a r t s  
were ha rvested on October 13, 1987 a t  the  4 - l e a f  s tage  (11) ,  r in s e d  
with water t o  remove s o i l ,  p laced in  a p l a s t i c  bag, f ro ze n ,  and then
kept  a t  -5°C. P lan t  samples were analyzed f o r  v o l a t i l e s  on Apri l  19-
20, 1988.
C o llection  o f  V o la tile s .
Whole a e r i a l  p a r t s  (45.3 g) o f  frozen  r i c e  seed l ings  were 
placed in  a g la ss  con ta in e r  (23 cm h t  x 5.5 cm i . d . )  f i t t e d  with a 
Kovar m e ta l -g la ss  connection.  The v o l a t i l e s  were c o l l e c t e d  by 
pass ing u l t r a  high p u r i t y  (UHP) helium gas (99.999%, Linde D iv is ion ,  
Union Carbide Corporation,  Danbury, CT) through an oxygen t r a p ,  a 
hydrocarbon t r a p  and then  through the  sample a t  a flow r a t e  of 8 6
ml/min f o r  16 hr a t  room temperature  (25°C). The v o l a t i l e s  were
t rapped in a 30.48 cm x 0.32 cm o .d .  s t a i n l e s s  s t e e l  column packed 
with Tenax TA (2 ,6-diphenyl-p-phenylene  oxide polymer, 0 .24 g,  60-80
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mesh, Chrompack, R a r i t a n ,  NJ). A f te r  the  c o l l e c t i o n  o f  v o l a t i l e s ,  
th e  t r a p  was purged with UHP He to remove any water u n t i l  a cons tan t  
t r a p  weight was obtained (9 ) .  The se t -up  used fo r  t h i s  p a r t  i s  
i l l u s t r a t e d  in Figure  2 .1 .
Gas Chromatography-Mass Spectrometry.
The v o l a t i l e s  were desorbed from the  Tenax t r a p  by a Tekmar 
model 4000 Dynamic Headspace Concentrato r a t  185°C f o r  15 min in to  a 
60 m leng th  x 0.25 mm i . d .  x 0.25 ym f i lm  th ickness  Supelcowax 10 
column (Supelco,  I n c . ,  B e l l e fo n te ,  PA). E thanol/dry  ice  mixture  was 
used f o r  th e  cryogenic  focus ing of the  sample. The c a r r i e r  gas head 
p re s su re  was 30 ps i  and the  i n j e c t o r  s p l i t  vent was c losed  during 
desorp t ion  t o  f a c i l i t a t e  the  t r a n s f e r  of v o l a t i l e s  from th e  t r a p  to  
the  column.
Gas chromatography was c a r r i e d  out on a Hewlett Packard 5792 
gas chromatograph under the  following co n d i t io n s :  c a r r i e r  gas head 
p re s su re ,  15 p s i ;  c a r r i e r  gas l i n e a r  v e l o c i t y ,  25 cm/sec; c a r r i e r  gas 
flow r a t e ,  0.76 ml/min. The column temperature was programmed as 
fo l lows:  i n i t i a l  tempera ture ,  40°C f o r  5 min, programming r a t e ,
2°C/min; f i n a l  temperature 175°C f o r  15 min; t o t a l  run t ime ,  87.5 
min.
The chromatographic components were analyzed on an HP5970B 
mass s e l e c t i v e  d e t e c t o r .  Elec tron io n iz a t io n  was c a r r i e d  out a t  70 
eV and e l e c t r o n  m u l t i p l i e r  vo ltage  was s e t  a t  1800 V. Solvent de lay  
was s e t  a t  2  min.
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Calculation of Retention Indices.
The de te rm ina t ion  o f  the  r e t e n t i o n  in d ices  of  th e  v o l a t i l e  
compounds was performed by adding 200 ng o f  each normal a lkanes  (C9- 
C19) t o  45.3 g o f  Mars s e e d l in g s .  The same procedure  f o r  c o l l e c t i o n  
of v o l a t i l e s  and subsequent GC-MS a n a ly s i s  was fo l lowed ,  as de sc r ibed  
above. The r e t e n t i o n  index of each compound was c a l c u l a t e d  accord ing 
t o  van den Dool and Kratz (18) .
GC-MS of Standard Compounds.
Five pi o f  each s tandard  and each C8-C22 n -a lkanes  were 
d i s so lv e d  in  5 ml hexane. One pi of t h e  s tandard  mix ture  was 
in j e c t e d  a t  a 27:1 s p l i t  r a t i o .  The s o lv en t  de lay  was s e t  a t  6  min 
with th e  o th e r  chromatographic  and MS c o n d i t io n s  th e  same as above. 
The mass s p e c t r a  and r e t e n t i o n  in d ices  o f  the  s tan d a rd s  were used to  
i d e n t i f y  the  v o l a t i l e s  obta ined  from th e  r i c e  samples.
When a u th e n t i c  s tanda rds  were not  a v a i l a b l e ,  t e n t a t i v e  
i d e n t i f i c a t i o n  of some compounds were based on computer matching o f  
t h e  unknown mass s p e c t r a  with  t h e  r e fe ren ce  mass s p e c t r a  o f  the  
NBS/NIH/EPA/MSDC Data Base Copyright 1984, 1986 i n s t a l l e d  on th e  HP 
MSD ChemStation.
Per Cent Peak Area.
The per c en t  peak a re a  o f  each chromatographic  peak was 
c a l c u l a t e d  by e l e c t r o n i c  i n t e g r a t i o n  with  an HP59970C MS ChemStation 
Program. The b a se l in e  th r e s h o ld  was s e t  a t  16 and the  peak width a t  
0 ,40  min.
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PART II
STRUCTURE DETERMINATION OF EXTERNAL FLAVONOIDS OF c a l m u n t u a  a s u b i
CHAPTER 3
MAJOR EXTERNAL FLAVONOIDS FROM 
LEAVES OF CALAMINTHA ASUBI
INTRODUCTION
caiam intha a sh e i  (Lamiaceae) i s  a member of th e  F lo r id a  scrub 
community which has been shown to  have in h ib i to r y  e f f e c t s  on the  
growth of  sandhil l  p l a n t s  (1 ) .  There fore ,  a search f o r  the  chemical 
c o n s t i t u e n t s  of c. a sh e i  with poss ib le  a l l e l o p a t h i c  a c t i v i t i e s  was 
performed. I t  was observed t h a t  c. ashe i  i s  very r i c h  in 
monoterpenes (2 ) ,  t r i t e r p e n e s  and f lavonoids  (3 ) .  Moreover, i t  was 
found t h a t  menthofuran-type monoterpenes e x h ib i t  s t rong germination 
i n h ib i t o r y  a c t i v i t i e s  on blue stem (sch izachyr ium  sc o p a r iu m ) , a 
na t iv e  g ra s s  of the  sandhi l l  community ( 4 ) .
In con t inua t ion  o f  the phytochemical a na ly s is  of  c. a s h e i , 
t h i s  study was conducted to  i s o l a t e  and id e n t i f y  i t s  major ex te rn a l  
f lavonoid  c o n s t i t u e n t s .  A new f lavone ,  5 , 6 , 4 ' - t r i h y d r o x y - 7 ,8 , 3 ' -  
tr imethoxy flavone ( 1 ) was i d e n t i f i e d  by spec t roscop ic  methods and 
s i n g l e - c r y s t a l  X-ray c ry s ta l lo g rap h y .  The aglycone 2 ( 5 , 6 , 4 ' -  
t r i h y d r o x y - 7 ,3 ‘-dimethoxyflavone) was f i r s t  obtained by sy n th es i s  (5) 
and by hydro lys is  of i t s  na tu ra l  g lycos ide ( 6 ) ,  but t h i s  i s  th e  f i r s t  
r e p o r t  of  i t ' s  na tu ra l  occurrence.  The s t r u c t u r e s  of the  known 
f lavonoids  5 ,4 ' -d ih y d ro x y -6 ,7 ,8 ,3 ' - t e t r am e th o x y f lav o n e  (3) (7) and 
desmethoxynobilet in (4) ( 8 ) were e s ta b l i s h e d  by comparison with 
repor ted  sp e c t r a l  da ta .
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RESULTS AND DISCUSSION
The crude dichloromethane e x t r a c t s  of f r e sh  c.  ashei leaves 
were chromatographed on s i l i c a  gel by vacuum l iq u id  chromatography
(9 ) .  The more pola r  f r a c t i o n s  contained f lavonoids  1-4.
The i H NMR spectrum of  compound 1 (Figure 3.1) ind ica ted  the  
presence of  th re e  methoxyl groups and a hydrogen-bonded hydroxyl a t  
C-5. The m u l t i p l i c i t y  and coupling cons tan ts  of  the  aromatic  pro tons  
a t  th e  <5 6 .9  -  6  7.6 reg ion  suggested a 3 ' , 4 ' - s u b s t i t u t i o n  p a t t e r n  in
r in g  B. The double t  a t  6  7.06 with an o r tho  coupling cons tan t  o f  j  =
8.7  Hz was ass igned to  H-5 1 and the  double t  a t  6  7.42 ( j  = 1.8 Hz) to
H-2*. The l a t t e r  signal  i s  coupled with H-6 1, which appears as a
double t  of a double t  a t  6  7.55 and i s  coupled to  H-5‘ ( j  = 8 .7  Hz) 
and H-2' ( j  = 1.8 Hz).
The presence of two hydroxyl groups and a hydrogen-bonded C-5
hydroxyl (a 12.44) was confirmed by the  JH NMR spectrum of compound
la  (F igure  3 .2 ) .  Acety la t ion  of 1 r e s u l t e d  in the  appearance of 
t h r e e  a c e t a t e  s ig n a l s  and the  disappearance of  the  C-5-0H s igna l  as 
shown in Figure  3 .3 .  The i H NMR d a ta  are  summarized in Table 3 .1 .
The p o s i t i o n  of the  hydroxyl groups was determined by UV 
spectroscopy in  MeOH and with the  use of chemical s h i f t  reagen ts
(10) .  UV sp ec t ra l  da ta  are  summarized in Table 3 .2 .  The 
bathochromic s h i f t  o f  band I by 56 nm with an inc rease  in  the  
absorp t ion  in NaOMe s ig n i f i e d  a C-4'-0H. The band I bathochromic 
s h i f t  by 28 nm upon A1Cl3 / H d  t rea tment  suggested e i t h e r  a 6 - 
hydroxylated/methoxyla ted 3-methoxyflavonol or  a 6 , 7 , 8 - s u b s t i t u t e d  
f lavone  ( 1 1 ) .
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Figure  3 . 1 .  H NMR spectrum of  compound 1 in CHCl^-dj.
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Fi g u r e  3.2. H NMR s p e c t r u m  of c o m p o u n d  la in CHC l^ -dj
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Table 3 .1 .  400 MHz J H.NMR Spec t ra l  Data® of  Compounds 1, l a ,  and lb .
Proton
6 , ppm ( j  in Hz)
1 la lb
H-3 6.60 s 6 . 6 8  s 6 .60  s
H-2' 7.42 d (1 .8 ) 7.50 d (1 .8) 7.45 d (1 .8)
H-5 1 7.06 d (8 .7 ) 7.21 d (8 .3) 7.16 d (8 .2 )
H-6 1 7.55 dd (8 .7 , 1.8) 7.56 dd ( 8 . 3 , 1 . 8 ) 7.47 dd ( 8 .2 ,  1 .8)
5-0H 12.37 s 12.44 s
7-0CH3 4.15 s 4.07 s 4.06 s
8 -OCH3 4.01 s 3.98 s 4.02 s
3 1 -OCH3 4.00 s 3.95 s 3 .88  s
-OAc — 2 .36 ,  2.40 s 2 .32 ,  2 .3 5 ,  2 .42  s
aSo lven t :  CHClj-dj;  i n t e r n a l  s tanda rd :  TMS.
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Table 3 .2 .  UV Spec tra l  Data of  Flavonoids from ca iam in tha  a sh e i
x max, ran
Compound He OH +NaOMe +A1C13 +AICI3 /HCI +Na0Ac
1 290 326 306 304 290
344 400 380 372 338
2 284 264 298 296 286
342 400 376 372 344
3 254,280 266 288 264,288 276
344 412 372 366 350
4 252,282 252,284 264,290 262,296 248,282
340 338 366 360 340
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The assignment of  the  s i n g l e t  a t  6  6.96 in  compound 1 can not 
be der ived  from JH NMR s p e c t r a  nor by UV methods (11) .  Since the  NMR 
s igna l  could be due to  e i t h e r  H- 8  o r  H-3, the  p r o t o n ' s  p o s i t i o n  was 
e s t a b l i s h e d  by long-range J H-J J C c o r r e l a t i o n  NMR exper iment on 
f lavono ids  1 and lb .  This methodology c o r r e l a t e s  carbons which a re  
s epa ra ted  by 2 bonds o r  3 bonds from th e  coupled pro tons  (12 ) .  A 
s h o r t  range J H-i 3 C c o r r e l a t i o n  spectrum was a l so  ob ta ined  to  check on 
r e s i d u a l  s h o r t  range J H-J i C couplings  t h a t  may show up in  t h e  long-  
range spectrum. Figure  3.4 shows th e  contour  p lo t  o f  the  s h o r t  range 
j H-15C 2D spectrum of  compound 1.
Figure  3 .5  r e p re se n t s  th e  contour p l o t  o f  the  long-range  J H- 
J3C 2D NMR spectrum o f  lb .  The pro ton s i n g l e t  a t  s 6.60 i s  coupled 
to  two qua te rna ry  carbons a t  6  113.0 and 6  160.9 .  Based on chemical 
s h i f t  c o n s i d e r a t i o n s ,  these  carbons a re  C-10 and C-2, r e s p e c t i v e l y  
(13 ) ,  sugges t ing  t h a t  th e  proton i s  a t tached  to  C-3. The long-range 
coupling o f  C-2 with H-2* and H-6 1 a l s o  c o r ro b o ra te s  t h i s  ass ignment.
The 2H-23C 2D NMR d a ta  were used in  t h e  ass ignment o f  a l l  
carbons  of compound 1 (F igure  3.7) and compound lb  (F igure  3 . 8 ) .  
Moreover,  i t  al lowed fo r  the  assignment of the  carbon s i g n a l s  o f  
compound l a  (F igure  3 . 9 ) .  The long-range coupling o f  th e  C-5 
hydroxyl p ro ton  (5-0H) in  compound 1 v e r i f i e d  t h a t  C- 6  i s  hydrox la ted  
(F igure  3 . 6 ) .  I t  w i l l  be noted t h a t  the  C-5-hydroxyl pro ton  
c o r r e l a t e s  t o  t h r e e  qua te rnary  carbons which were ass igned  t o  C-10, 
C-5, and C-6 . Since C- 6  does not couple t o  a methoxyl s i g n a l ,  i t  
must have a hydroxyl s u b s t i t u e n t .  The 13C NMR d a ta  a re  summarized in 
Table  3 .3 .
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Table 3 .3 . 100 MHz NMR Spec tra l  Data of Compounds 1, l a  and
lb .
Carbon l a
$,ppm
l a b lb b
C-2 163.8 s 163.5 s 160.9 s
C-3 102.7 d 105.7 d 107.8 d
C-4 182.6 s 182.8 s 175.9 s
C-5 134.1 s 127.0 s 136.6 s
C- 6 143.1 s 148.6 s 149.0 s
C-7 132.9 s 152.2 s 149.8 s
C- 8 147.9 s 133.0 s 139.1 s
C-9 141.8 s 147.8 s 133.7 s
C-10 106.1 s 107.1 s 113.0 s
C -l ' 1 2 1 . 6  s 129.9 s 129.7 s
C-2' 1 1 0 . 0  d 1 1 0 . 2  d 109.6 d
C-3' 148.0 s 151.8 S 151.4 s
C-4' 150.8 s 143.1 s 142.3 S
C-5' 115.9 d 119.4 d 118.7 d
C-6 ' 1 2 0 . 2  d 123.8 d 123.3 d
7-0Me 60.9 q 61.5 q 61.2 q
8 -OMe 61.8 q 62.0 q 61.6  q
3 1-OMe 55.8 q 56.1 q 55.7 q
Ac(Me) — 20.4 q 19.9 q
— 2 0 . 6  q 20.3  q
— — 20.5  q
Ac(C=0) — 168.5 s 167.8 s
— 168.6 s 168.2 s
— — 168.5 s
aDMS0-dg as so lv en t  and as in te rn a l  s tanda rd , 6  39 .5 . 
^CHClg-dj as so lv en t  and as in te rn a l  s tandard , 6  77 .0 .
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The mass spectrum o f  compound 1 showed a m olecular ion peak a t  
m/z 360. The base peak a t  m/z 345 (M+-CH^) suggests  a methoxyl group 
a t  C- 8  o f  a f lavone (14). A peak due to  the  lo s s  o f  CH^ CO (43 mu) 
from the  p a re n t  ion was not observed. This suggested t h a t  f lavone  1 
does not r e p re s e n t  a 3-methoxylated flavonol (15 ) .  The mass s p e c t r a  
of la  and lb confirmed the  presence of two and th re e  a c e ta t e  g roups, 
r e s p e c t iv e ly .  I t  a lso  agrees with th e  fragm enta tion  p a t t e r n  o f  the  
f lav o n e .  The mass s p e c t ra l  d a ta  o f  1, la, and lb a re  summarized in  
Tables 3 .4 ,  3 .5 ,  and 3 .6 .
On th e  b a s is  of the  sp ec tro sco p ic  d a ta  p resen ted  above, 
compound 1 was found t o  be 5 ,6 ,4 ' - t r i h y d r o x y - 7 ,8 ,3 ' -  
t r im e th o x y f 1 avone.
The s t r u c tu r e  o f  compound lb was confirmed by s in g le  c r y s ta l  
X-ray c ry s ta l lo g ra p h y . 3  The compound was found to  e x i s t  in  two 
conform ations as shown in  F igure 3 .10 .
aX-ray work was done by Dr. Frank R. Fronczek, Department of 
Chemistry, Louisiana S ta te  U n iv e rs i ty .
OR, 0
1: R = Rj = H
la :  R = -C0CH3 , = H
lb: R = Rj = -COCH3
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Table 3 .4 .  Hass S p e c tra l  Data o f  Compound 1.
m/z (9£) Fragm entation
361 (14) M+ * + i
360 (47) M+* C18H
346 (32) M+* - CH
345 ( 1 0 0 ) M+* -  CH
330 ( 1 0 ) M+* -  2  I
327 (16) -  CH
197 (17) A+ '
A 1
-  CH
169 ( 1 1 ) -  CO
151 (4) -  CH
HoO
3  -  H20 -  CO
Table 3 .5 .  Mass S p e c tra l  of Compound l a .
m/z (%) Fragmentation
444 (7) M+ * ^22^20^10
402 (67) M+ * -  CH2 C0
387 (18) M+ ' -  CH2 C0 -  CH3
360 (18) M+ * -  3 CH2 C0
345 (100) 360 -  CH3
327 (10) 360 -  CH3  -  H20
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Table 3 .6 . Mass Spec tra l  Data o f  Compound lb .
m/z  (So) Fragmentation
486 ( 1 ) M+* C24H22°12
444 (18) M+* - ch2co
402 ( 1 0 0 ) M+* -  2 CH2 C0
387 (18) M+> -  2 CH2 C0 - h2o
372 (16) M+* - 2 CH2 C0 - h2 0
360 (18) M+ * - 3 CH2 C0
359 ( 2 0 ) 360 -  H
345 (57) 360 - ch 3
327 ( 8 ) 360 -  ch 3  -  h2o
197 (9) - ch 3
Table 3 .7 .  400 MHz J H NMR Spec tra l  Data o f Compounds 2 and 2a.
6 , ppm ( j  in  Hz)
CVJ 2 a b
H-3 6.70 s 6.56 s
H- 8 6.85 s 6.94 s
H-2* 7.64 d (1 .9 ) 7 .37 d (1 .9 )
H-5' 7.01 d (8 .5) 7.17 d (8 .2 )
H-6 ' 7.61 dd (8 .5 ,  1 .9) 7.46 dd (8 .2 ,  1 .9)
5-0H 12.71 s ---------------
3' -OCH3 3.99 s 3.93 s
7-0CH3 4.00 s 3.96 s
OAc — ____ __ 2.348 s
--------------- 2.351 s
--------------- 2.44 s
^Solvent: acetone-dg a t  308°K; TMS as in te rn a l  s tan d a rd .  
“So lven t:  CHCl-j-dj; TMS as In te rn a l  s tandard .
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Figure 3 .1 0 .  Two Conformations of Compound 1 Determined by 
X-ray C rys ta l log raphy .
Compound 2 was the  most p o la r  f lavono id  i s o la te d  from th e  DCM 
e x t r a c t  of c.  a s h e i . I t s  UV s p e c t ra l  d a ta  (Table 3 .2) i s  very 
s im i la r  to  t h a t  of compound 1, in d ic a t in g  hydroxyl groups a t  C-4' and 
C-5, no hydroxyl group a t  C-7 (10) and a s u b s t i tu te d  C- 6  (1 1 ) .
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The NMR data  o f compound 2 (F igure 3.11) and i t s  a c e ta te  
(2a) (F igure 3.12) in d ica ted  a 3 ' , 4 ' - s u b s t i t u t i o n  p a t te r n  in  r in g  B, 
a proton a t  C-3 and th e  presence o f  two methoxyl groups. The proton 
s ig n a l  a t  6 12.71 a lso  in d ica ted  a hydrogen-bonded C-5 hydroxyl 
group. Since the  UV d a ta  suggested a hydroxyl group a t  C-4' bu t not 
a t  C-7, then th e  methoxyl groups must be a t  C-3' and C-7 and C- 6  must 
be hydroxyla ted . The JH NMR d a ta  are  summarized in  Table 3 .7 .
The mass sp e c tra l  d a ta  of compound 2 (Table 3 .8 ) showed a 
m olecular ion base peak. This i s  c o n s is te n t  with a f lavone s t r u c tu r e  
which lacks a methoxyl group a t  C- 8  (15). The mass spectrum o f  
compound 2a confirmed the  presence o f  th re e  a c e ta te  groups (Table 
3 .9 ) .
The 13C NMR spectrum of 2 (F igure 3.13) and 2a (F igure  3.14) 
confirmed th e  presence of two methoxyl groups, f iv e  arom atic  p ro tons 
and th re e  hydroxyl groups. The complete assignment of the  13C 
s ig n a ls  of compound 2 was derived  with th e  a id  o f  INAPT experim ents, 
which w il l  be d iscussed  l a t e r ,  and by comparison w ith  the  i J C NMR 
s p e c t ra l  d a ta  of compound 1 and 2a. The J3C NMR d a ta  a re  summarized 
in  Table 3 .10 .
The unambiguous assignments o f  the  23C s ig n a ls  of compound 2a 
were c a r r ie d  ou t by sh o r t- ran g e  and long-range J H-i 3 C 20 NMR 
experim ents. The contour p lo t  o f  the  sh o r t- ran g e  2D experiment 
(F igure  3.15) shows the  carbons d i r e c t l y  bonded to  a p ro to n . On the  
o th e r  hand, th e  long-range 20 experiment (F igure  3 .16) c o r r e l a t e s  
carbons th a t  a re  separa ted  by two or th re e  bonds from the  p ro to n s .
The pro ton  s in g le t  a t  a 6.56 (H-3) i s  coupled to  two qua ternary
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Table 3 .8 . Mass S p ec tra l  Data of Compound 2.
m/z (Jo) Fragmentation
331 (26) M+* + H
330 (100) M+*. C1 7 H1 /J0 7
329 (14) M+* -  H
312 (38) M+‘ -  H20
300 ( 6 ) M+* -  2 CH3
284 (46) m+* - h2o -  CO
269 (5) M+* -  H20 - CO
149 (14) B+* + H
148 (9) B+*
Table 3 .9 . Mass S pec tra l  Data o f  Compound 2a.
m/z (%) Fragmentation
456 (2) C23H20°10
414 (11) M+* -  CH2 C0
372 (100) M+* -  2 CH2 C0
330 (33) M+* - 3 CH2 C0
329 (17) 330 -  H
312 (31) 330 - H20
284 (12) 330 -  H20 -  CO
183 (5) A | + H
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Table 3 .1 0 . 100 MHz 23C NMR S p ec tra l  Data o f  Compounds 2 and 2a.
Carbon 6 , ppm
2 a 2 ab
C-2 163.7 s 161.3 s
C-3 1 0 2 . 8  d 108.3 d
C-4 182.2 s 176.1 s
C-5 146.2 s 141.7 s
C- 6 130.0 s 130.6 s
C-7 154.3 s 156.2 s
C- 8 91.2  d 98.2  d
C-9 148.0 s 155.6 s
C-10 105.0 s 1 1 1 . 2  s
C - l ' 121.7 s 130.0 s
C-2' 1 1 0 . 2  d 109.9 d
C-3' 149.6 s 151.5 s
C-4' 150.7 s 142.5 s
C-5' 115.8 d 123.4 d
C-6 ' 120.3 d 119.0 d
7-OMe 56.3 q 56.6 q
3 ' -OMe 56.0 q 56.1 q
Ac(Me) — 2 0 . 1  q
— 2 0 . 6  q
— 2 0 . 8  q
Ac(C=0) — 167.8 s
— 168.5 s
— 168.6 s
aDMS0-dg as so lven t and in te rn a l  s tandard , s 39 .5 . 
^CHClj-d^ as so lven t and in te rn a l  s tan d a rd ,  6  77 .0 .
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Fig u r e  3.15. C o n t o u r  plot of the H- C s h o r t - r a n g e  shift 
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carbons a t  6  161.3 (C-2) and 6  111.2 (C-10). The pro ton  a t  6  6.94 
(H-8 ) Is  coupled to  four qua ternary  carbons a t  & 111.2 (C ,10),
6  130.6 (C-6 ) 6  155.6 (C-9) and 5  156.2 (C-7) and a sh o r t- ran g e  
coupling to  C- 8  1s observed. The C-7 s ignal i s  a lso  c o r r e la t e d  to  
one methoxyl s ig n a l .  The o th e r  p ro ton  and carbon s ig n a l s  were 
analyzed in  the same manner. Thus, the  da ta  confirm th e  s t r u c tu r e  
of compound 2 to  be S .e ^ '- t r ih y d ro x y -T .S '-d im e th o x y f la v o n e .  This 
flavone has been p rev io u s ly  syn thes ized  (5) and was i s o la te d  from 
C ith a rexy lu m  subserra tum  as i t s  6-gluC0Side ( 6 ) .
Compound 3 was is o la te d  from the  le ss  p o la r  chromatographic 
flavonoid  f r a c t io n s .  The UV s p e c t ra l  d a ta  (Table 3 .2) In d ica ted  th e  
hydroxy la tlon  p a t te rn  of compound 3. The band I bathochromic s h i f t  
by 6 8  run upon a d d i t io n  o f  NaOMe In d ica ted  a C-41-OH (1 0 ) .  Treatment 
of compound 3 with AICI3 /HCI caused a band I bathochromic s h i f t  by 22 
nm which suggested a 6 - s u b s t i tu te d  3-methoxylated flavonol o r  a 
6 ,7 ,8 - s u b s t i tu t e d  flavone (11) . A ddition of NaOAc d id  not cause a 
s ig n i f i c a n t  UV abso rp tion  s h i f t  which in d ica ted  the  absence o f C-7- 
OH. The J H NMR spectrum (F igure 3 .1 7 , Table 3 .11) supported  th e
OR 0
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2a: R = COCH3
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Figure  3 . 1 7 .  H NMR spectrum o f  compound 3 in  CHCl^-d^.
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Table 3 .11 . 400 MHz JH NMR Spectral Data of Compounds 3 and 4 .
Proton 6 , ppm ( j  in Hz)
3a 4a
H-3 6.59 s 6.62 S
H-21 7.40 d (1 .7 ) 7.43 d (1 .6 )
H—5 1 7.04 d (8 .3) 7.00 d ( 8 . 6 )
H-6 1 7.53 dd (8 .3 ,  1.7) 7.59 dd (8 . 6 , 1.6)
5-0H 12.53 s 12.52 s
6 -OCH3 3.96 s 3.96 s
7 -OCH3 3.98 s 3.97 s
8 -OCH3 4.11 s 4.11 s
3 1-OCH3 3.99 s 3.98 sc
aCHCl3 -d i  as solvent and TMS as internal standard.
cProton signal integrated for 2 CHo which are assigned to  3 ' -  and 4 ' -
och3 .
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presence  o f  th e  hydrogen-bonded hydroxyl group a t  C-5, fo u r  methoxyl 
groups and a s in g l e t  a t  6  6 .59 due to  H-3. As 1n th e  p re v io u s ly  
d iscu ssed  f lavones  from c. a s h e i ,  a 3 ' , 4 ' - s u b s t i t u t i o n  p a t t e r n  1 n 
r in g  B was observed . The J i C NMR spectrum (F igure  3 .18) o f  compound 
3 confirmed th e  presence o f  fo u r  methoxyl groups and fo u r  methlne 
p ro to n s .  The complete assignment o f  th e  carbon s ig n a l s  were c a r r i e d  
ou t by INAPT experim ents (d iscussed  1n th e  nex t c h ap te r)  and by 
chemical s h i f t  c o n s id e ra t io n s  (Table 3 .1 2 ) .
The mass spectrum o f  compound 3 (Table 3 .13) showed a base 
peak a t  m/z  359 [M-15]+ which 1s In d ic a t iv e  o f a flavone  w ith  a C- 8  
methoxyl group (1 4 ,1 9 ) .  A r e t ro - D ie ls -A ld e r  frag m en ta tio n  o f  
compound 3 was suggested by peaks a t  m/z 211 and 183 (15) as shown 1n 
F ig u re  3 .19  (1 5 ) .
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Table 3 .12 . 100 MHz 13C NMR s p e c t ra l  d a ta 3  of compounds 3 and 4 .
Carbon 6 , ppm
3 4
C-2 164.0 s 164.0 s
C-3 103.7 d 104.0 d
C-4. 182.9 s 183.0 s
C-5 149.4 s 145.8 s
C- 6 136.5 s 136.6 s
C-7 132.9 s 133.0 s
C- 8 152.9 s 153.0 s
C-9 145.7 s 149.4 s
C-10 106.9 s 107.0 S
C - l ' 123.1 s 123.7 s
C-2’ 108.4 d 108.9 d
C-3' 147.0 S 149.6 s
C-4' 149.6 s 152.5 s
C-5 1 115.1 d 111.3 d
C-6 1 120.7 d 1 2 0 . 2  d
6 -OCH3 62.0 q 62.0  q
7 -OCH3 61.6 q 61.7  q
8 -OCH3 56.0 q 56.0  q
3 ' —OCH3 61.1 q 61.1 q
4'-0CH 3 ------ 56.1 q
aCHCl3 -d j  as so lven t and as in te rn a l  s tanda rd , 6  77.0.
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Table 3 .13 . Hass S pec tra l Data of Compound 3.
m/z  (35) Fragmentation
374 (49) M'
359 ( 1 0 0 ) M'
344 (9) M'
2 1 1 (8 ) A'
183 ( 8 ) A
i+*
l+*
+r
i ■
C19H18°8
-  ch 3
ch 3
CO
Table 3 .14 . Mass S pec tra l Data of Compound 4.
m/z (35) Fragmentation
388 (53) M+ * C2 0 H2 0 08
373 (100) M+* -  CH:
211 (7) At -  CH3
183 (7) Aj - CH3  -  CO
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The above sp ec tro sco p ic  d a ta  e s ta b l i s h e d  the  s t r u c tu r e  of 
flavone  3 as 5 , 4 ' -d ihydroxy- 6 ,7 ,8 ,3 '- te t r a m e th o x y f la v o n e .
The UV and JH NMR s p e c t ra l  da ta  o f  compound 3 a re  in  good 
agreement w ith  d a ta  rep o r ted  fo r  th e  s y n th e t ic  (16,17) and n a tu ra l  
f lavone (18 ) .  However, the  experimental m elting  p o in t  (152-154°) is  
co n s id e rab ly  lower than  th e  repo rted  va lues  1164-165° (1 7 ) ,  
163.5-165° (18)1.
,OHOCH
OCH
Compound 3
The J H NMR spectrum o f compound 4 (F igure  3 .2 0 ,  Table 3.11) 
in d ic a ted  th e  presence o f  f iv e  methoxyl groups, a hydrogen bonded 
hydroxyl group a t  C-5 and a 3 ‘ , 4 ' - s u b s t i t u t i o n  p a t t e r n  a t  r in g  B.
The proton s in g le t  a t  6  6.62 was assigned to  H-3. As 1n compound 3, 
the  mass spectrum of compound 4 (Table 3.14) showed a base peak a t  
m/z  373 IM-CH3 )+ and a re t ro -D ie ls -A ld e r  fragm enta tion  p a t t e r n .  The 
id e n t ic a l  mass o f  the  re t ro -D ie ls -A ld e r  fragments from compounds 3 
and 4 in d ic a te d  th a t  both flavones have the  same r in g  A s t r u c t u r e .
The UV d a ta  (Table 3 .2 ) of compound 4, upon trea tm en t with A1CT3 / H d , 
suggested a C-6 - s u b s t i t u t e d  f lavone . The absence of UV a b so rp tio n  
s h i f t s  w ith  NaOMe and NaOAc in d ica ted  th a t  th e re  a re  no hydroxyl 
groups a t  C-4' and C-7, r e s p e c t iv e ly  (10).
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The i 3 C NMR chemical s h i f t s  were assigned by c o r r e la t io n  with 
th o se  o f  compound 3. Note t h a t  with a methoxylated C -4 ' ,  both C-4 1 
and C-3' were s h i f te d  downfield while C-5' had about 4 ppm u p f ie ld  
s h i f t  (F igure  3 .21 , Table 3 .1 2 ) .
On th e  b a s is  of I t s  s p e c t ra l  d a ta ,  compound 4 was found to  be
5-hydroxy-6 ,7 ,8 ,3* ,4 '-pen tam ethoxyflavone  o r 5 -desm ethoxynobile tin  
( 8 ) .  Compound 4 melted a t  116-118° which i s  about 30° below th a t  
rep o r ted  (mp 147-148°) by Tatum and Berry (8 ) .  While the  UV d a ta  of 
desm ethoxynobile tln  in 95% EtOH agrees w ith  da ta  o f  compound 4 in
MeOH, comparison o f  o th e r  spec tro scop ic  data  could not confirm  the
i d e n t i t y  of th e  newly is o la te d  compound 4 and the  p rev io u s ly  i s o la t e d  
5-desm ethoxynobiletin  (8 ) .
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H3co
OCH
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Figure  3 . 2 0 .  NMR spectrum o f  compound 4 in CHCl^-d^.
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13Figure  3 . 2 1 .  C NMR spectrum of  compound A in CHCl^-d^.
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EXPERIMENTAL
P la n t  m a te r ia l ,  caiam intha  ashei  was c o l le c te d  by Dr. Don 
Richardson of the  U n iv e rs ity  o f  South F lo r id a ,  Tampa, F lo r id a  in Polk 
County a t  Sunray, F lo r id a  in  June, 1987. Voucher i s  deposited  a t  the  
U n iv e rs i ty  o f  South F lo r id a  Herbarium a t  Tampa, sh ee t No. 137245.
General te chn iques . Vacuum l iq u id  chromatography (VLC) was 
done on Macherey-Nagel s i l i c a  N-HR using the  method of Coll and 
Bowden (9 ) .  The sample was introduced to  the  column by p re ­
ad so rp t io n .  Glass columns with medium pore s in te r e d  g la s s  were 
used. P rep a ra t iv e  TLC used 1 mm s i l i c a  gel G 254 p l a t e s ,  CC s i l i c a  
gel (60-200 mesh).
Mps a re  unco rrec ted ,  obtained w ith  Arthur Hoover c a p i l l a r y  
m elting  p o in t  appara tu s .
UV sp ec tra l  d a ta  were recorded on an HP8451A diode a rray  
spectrophotom eter.
MS da ta  were obtained by d i r e c t  probe e le c t ro n  impact a t  70 eV 
in  an HP5985A GC-MS-DS instrum ent equipped with 2100 MX s e r ie s  
computer.
All NMR s p e c t ra l  da ta  were recorded in  a Bruker AM-400 
instrum ent using a 1H/13C tuned dual probe.
E x trac t io n  o f  p la n t  m a te r ia l .  Fresh leaves (1 .0  kg) of 
ca iam in tha  a she i  were e x tra c te d  with 12 L of w a ter .  The re s id u e  was 
d r ie d  and then  e x tra c te d  se q u e n t ia l ly  with hexane (36-60uC), DCM (2X) 
and MeOH (12 L each).  The f i r s t  DCM e x t r a c t  was co n cen tra ted  under 
vacuum a t  30°C u n t i l  a s lu r ry  was o b ta in ed .  Yellow-brown s o l id s  (5 .4
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g o f a i r  d r ied  m a te r ia l)  were obtained a f t e r  d ecan tin g .  The l iq u id  
p o r t io n  was fu r th e r  concen tra ted  g iv ing  28.1 g o f  a th ic k  brown 
syrup . The second DCM e x t r a c t  y ie ld e d ,  a f t e r  c o n ce n tra t io n ,  24.7  g 
of brown syrup . Total DCM e x t r a c t :  58.2 g ( 5 . 8 % of f r e s h  l e a f  
w e ig h t) .
I s o la t io n  o f  conpounds 1 and 2. VLC of th e  s o l id  m a te r ia l  
(103.8 mg) from the  f i r s t  DCM e x t r a c t  was performed on a 2 x 4 cm 
column (hxdia) using to lu e n e ,  to lu e n e -e th y l  a c e ta te  (EtOAc) (5% to  
803S EtOAc) and EtOAc. Twenty-one 10 ml f r a c t io n s  were c o l l e c te d .  
F rac t io n s  4-10 contained t r i t e r p e n e s  (3) while f r a c t io n s  11-21 
provided f lav o n o id s .  P rep a ra t iv e  TLC of the  f lavono id  m ixture  w ith 
toluene-EtOAc (7:3) afforded  14 mg o f  compound 1 (Rf 0 .21) and 6  mg 
of compound 2 (Rf. 0 .1 1 ) .
5 , 6 , 4 ' - tr ih y d ro x y -7 ,8 -3 '- t r im e th o x y f la v o n e  (1 ) . C1 8 H1 6 0g;
yellow  c r y s t a l s ;  mp 222-224°C; UV da ta  in  Table 3 .2 ;  NMR (400 
MHz, C0C13) in Table 3.1 and F igure 3 .1 ;  J J C NMR (100 MHz, DMS0-d6) 
in  Table 3.3 and Figure 3 .7 ;  EIMS m/z ( r e l . i n t . ) :  361 (14, M++ l ) ,
360 (47, M+ , C1 8 H1 6 08) ,  345 (100, M+-CH3) ,  330 (10, M-2 CH3 ) , 327
(16, M-CH3 -H2 0 ) ,  197 (17, A|-CH3 ) ,  169 (11, a |-H 2 0 ) .
5 ,6 - 4 ' - t r ih y d r o x y - 7 ,3 ' -dimethoxyflavone (2 ) .  C1 7 H ^ 0 7; 
ye llow  s o l id ;  UV da ta  in Table 3 .2 ;  J H NMR [400 MHz, (CD3 ) 2 C0, 35°C] 
in  Table 3 .7  and Figure 3 .11 ; I3C NMR (100 MHz, DMS0-d6) in  Table
3.10 and Figure 3 .13 . EIMS m/z  ( r e l .  i n t . ) :  331 (26,M++ 1 ),  330 (100,
M+ , C1 7 H1 4 07) ,  329 (14, M+-H) ,  312 (38, M+-H2 0 ) ,  300 ( 6 , M+-2CH3 ) ,
284 (46, M+-H2 0-C0), 269 (5 , M+-CH3 -H2 0-C0), 149 (14, b |  + 1),  148 
(9 , B{).
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A cety la tion  o f  a mixture o f compounds 1 and 2 . The crude 
s o l id  (ca 1.5 g) from the  f i r s t  DCM e x t r a c t  was d is so lv ed  in  1 .5 ml 
of dry  p y rid in e  and t r e a te d  with 13.5 g a c e t ic  anhydride f o r  24 hrs 
a t  room tem perature. Repeated a d d i t io n  of benzene and concn under 
vacuum was c a r r ie d  out u n t i l  p y rid in e  was removed, prov id ing  a th ic k  
dark brown re s id u e .  VLC of the  re a c t io n  mixture on a 5 x 5 cm 
(hxdia) column w ith hexane and hexane-EtOAc y ie ld e d  15 10 ml 
f r a c t i o n s .  P rep a ra t iv e  TLC of f r a c t io n  6  with hexane-EtOAc (1:1) 
y ie ld e d  compound l a  (Rf 0 .6 7 ) .  F rac tions  9, 12, and 13 con tained  a 
yellow  re s id u e  which gave c o lo r le s s  c r y s ta l s  a f t e r  repea ted  washings 
w ith 75% EtOAc/hexane. F rac tion  9 provided 155.8 mg of compound lb  
and f r a c t io n s  12 and 13 y ie ld ed  226.5 mg compound 2a.
Slow c r y s t a l l i z a t i o n  of f r a c t io n  10 (hexane-EtOAc, 1:1) 
produced white n e e d le - l ik e  c r y s t a l s  of compound lb  which were 
subm itted  f o r  s in g le  c ry s ta l  X-ray c ry s ta l lo g ra p h y .
5 -hydroxy -7 ,8 ,3 , - tr im e th o x y -6 ,4 '-d ia ce to x y f la v o n e  ( l a ) .  
c22H20°10i y e11ow c r y s t a l s ;  mp 167-170°C. NMR (400 MHz, CDC13) 
d a ta  in  Table 3 .1 ,  Figure 3 .2 .  J i C NMR (100 MHz, CDCI3 ) d a ta  in 
Table 3 .3  and Figure 3 .9 .  EIMS m/z  ( r e l .  i n t . ) :  444 (7 , M+ ,
C22H20°10)* 4 0 2  <67* M+-CH2 C0), 387 (18, M+-CH2 C0-CH3) , 360 (18, M+-3  
CH2 C0), 345 (100, 360-CH3) ,  327 (10, 360-CH3-H20 ) .
7 ,8 ,3 '- t r im e th o x y - 5 ,6 ,4 '- t r i a c e to x y f la v o n e  ( l b ) .  ^24^22^12*
c o lo r le s s  n e e d le - l ik e  c r y s t a l s ;  mp 190-191DC. JH NMR (400 MHz,
CDCT3) d a ta  in Table 3 .1  and Figure 3 .3 .  13C NMR (100 MHz, CDCI3 ) in
Table 3 .3  and Figure 3 .8 .  EIMS m/z ( r e l .  i n t . ) :  486 (1 , M+ ,
c2 4 H2 2 ° i 2) ,  444 (18, M+-CH2 C0), 402 (100, M+-2CH2 C0), 387 (18,
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M+ -2 C H 2 C 0 -H 2 0 ) ,  3 7 2  ( 6 ,  M+ -3 C H 2 C 0 ) ,  3 5 9  ( 2 0 ,  3 6 0 - H ) ,  3 4 5  ( 5 7 ,  3 6 0 -  
CH3 ) ,  3 2 7  ( a ,  3 6 0 - C H 3 - H 2 0 ) ,  1 9 7  ( 9 ,  a | - C H 3 ) .
7 ,3 '~ d 1 m ethoxy-5 ,6 ,4 ' - t r iace toxy f lavone  (2a) ( 5 ,6 ) .
C23H20°10: n e ed le - l ik e  c r y s t a l s ;  mp 213-214°C [ l i t .  ( 6 ) :  217-219DC], 
J H NMR (400 MHz, CDC13) da ta  in  Table 3.7 and Figure 3.12.  I3 C NMR 
(100 MHz, CDC13) d a ta  in Table 3.10 and Figure 3.14.  EIMS m/z  ( r e l .  
i n t . ) :  456 (2,M+,C23H20010) , 414 (11,  M+ -  2CH2C0), 372 (100, M+ -  
2CH2C0), 330 (33, M+-3CH2C0), 329 (17, 330-H), 312 (31,  330-H20 ) , 284 
(12, 330-H20-C0),  183 (5,  a |  +H).
I s o l a t i o n  o f  compounds 1, 3,  and 4. The second DCM e x t r a c t  
(12.9 g) was chromatographed by VLC on a 4 .5  x 5 cm (hxdia) column 
using hexane and hexane-EtOAc with twenty-two 100 ml f r a c t i o n s  being 
c o l l e c t e d .  F rac t ions  1-11 gave chlorophyl l  and t r i t e r p e n e s  (3) while 
f r a c t i o n s  12-22 contained f lavono ids .  F rac t ions  18 and 19 
rep resen ted  a yellow f l u f f y  s o l id  which upon washing with hexane and 
DCM y ie ld ed  159.4 mg of compound 1. F rac t ions  12-15 (1 .3  g) were 
chromatographed on a s i l i c a  gel column using hexane, hexane-DCM and 
DCM-MeOH, 20 and 30 ml f r a c t i o n s  being c o l l e c t e d .  F rac t io n s  148-153. 
(27.4 mg) were p u r i f i e d  by prep.  TLC using 2% MeOH in  DCM (2x) to  
give compounds 3 (38.8 mg, Rf 0.43) and 4 (7.1 mg, Rf 0 .5 7 ) .
5 , 4 ' -d ih y d ro x y -6 ,7 , 8 , 3 ' - te tramethoxyflavone (3 ) .  CjgH^gOg; 
ye llow c r y s t a l s ;  mp 152-154°C [ l i t .  (18) 162-164°C], UV d a ta  in 
Table 3 .2 ;  J H NMR data  in Table 3.11 and Figure 3.17;  I3 C NMR data  in 
Table 3.12 and Figure  3 .18; EIMS m/z  ( r e l .  i n t . ) :  374 (49,  M+ ,
C19H18°S)• 359 <100* M+-CH3) ,  344 (9,  M-2CH3) ,  211 (8,  a| -CH3) ,  183 
(8 ,  A^-CH^-CO). The UV and NMR d a ta  a re  in good agreement with
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da ta  repo r ted  f o r  the  sy n th e t ic  f lavone (16) and the  n a tu ra l  product 
(18) .
5-hydroxy-6 ,7 ,8 ,3 '  , 4 ' -pentamethoxyf lavone (4) (8 ) .  
yellow c r y s t a l s ;  mp 116-118°C [ l i t .  (8):  147-148°CI; UV da ta  in  Table 
3 .2 ;  J H NMR data  in  Table 3.11 and Figure 3 .20; J3C NMR data  in  Table 
3.12 and Figure 3.21; EIMS m/z ( r e l .  i n t . ) :  388 (53,  M+ , C ^ ^ O g ) ,
373 (100, M+-CH3),  211 (7 ,  a|-CH3) ,  183 (7 ,  Aj-CHg-CO).
Chemical s h i f t  c o r r e l a t i o n  by 2D NMR experiments (12) .  
These experiments were performed using the  following pulse  sequence: 
J H: D0-90°-D0- D0-D3-900 -BB;
I 3 C: Dl- -180°- -9Q°-D4-FID.
The data  were acquired using 256 experiments (NE = 256) each with a 
block s i z e  o f  4K and a r ecyc le  delay (Dl) of 2 s ec .  Delay DO was s e t  
to  3 ysec .  The length of delays D3 and D4 were ca lc u la te d  with  the  
observed one-bond (^J^h = ^  anc* three-bond ( ^CH = ^ ^z ) 
coupling co n s ta n t s .  The sho r t - r ange  2D NMR experiments used D3 =
0.0036 sec ,  D4 = 0.0018 sec while the  long-range 2D NMR exper iments,  
D3 = 0.071 sec ,  D4 = 0.036 sec .
The d a ta  were processed using s in e b e l l  m u l t i p l i c a t i o n  in  both 
dimensions (SSB1 = SSB2 = 0) and Gaussian m u l t i p l i c a t i o n  in  the  
second dimension (WDW2 = G; LB2 = 2.0) before  Four ie r  t ran s fo rm a t io n .
X-ray d a t a  o f  compound lb .  A c r y s t a l  o f  dimensions 0 .10  x
0.13 x 0.45 mm was used f o r  da ta  c o l l e c t i o n  on an Enraf-Nonius CAD4 
d i f f r a c to m e te r  equipped with Mo r a d i a t i o n  (x = 0.71073 A) and a 
g ra p h i t e  monochromator. Crystal  da ta  a re :  C22H22°11* Mr  " 486.4 ,
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a t r i c l i n i c  space group PI,  a = 10.790 (2 ) ,  b = 11.042 (2 ) ,
C = 21.096 (3) A, 6 = 98.23 (1) A, V = 2291.7 (13) A, Z = 4, dc = 
1.410 g cm“^ t v (Mo) = 1.06 cnT*. T = 23°C. One quadrant of da ta  
having 1° < 0 < 25° was measured and y ie lded  5970 unique da ta  of 
which 3159 were used in the refinement.
Two independent molecules were observed. Convergence was 
achieved with R = 0 .073, Rw = 0.052 fo r  632 v a r i a b l e s .
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CHAPTER 4
THE USE OF INAPT NMR TECHNIQUE IN THE UNAMBIGUOUS 
STRUCTURE DETERMINATION OF FLAVONOIDS
INTRODUCTION
One of  the  major problems in  th e  s t r u c t u r e  de te rm ina t ion  of 
f l avonoids  i s  the  lack of  a general  method t h a t  can d i s t i n g u i s h  
between a 5 ,6 ,7 -  and a 5 ,7 ,8 - s u b s t i t u t e d  compound. Likewise,  i t  i s  
d i f f i c u l t  to  d i s t i n g u i s h  a 5 ,6 , 7 , 8 - s u b s t i t u t e d  flavone from the  
above-mentioned types .  In the  p a s t  UV (1) and MS methods (2 ,3 )  have 
been applied t o  d i f f e r e n t i a t e  between c e r t a i n  types  of f lavonoid  
s t r u c t u r e s  but these  methods are  l im i ted  in  scope. Another problem 
encountered in s t r u c t u r a l  s tu d ie s  of f lavonoids  is  r e l a t e d  to  
unambiguous assignments of 13C NMR chemical s h i f t s  because o f  the  
un p red ic tab le  e f f e c t  o f  the  hydroxyl and/o r  methoxyl s u b s t i t u e n t s  on 
carbon chemical s h i f t s ,  e s p e c i a l l y  in  the  A- r in g  of a f lavono id .
Van Loo and coworkers (4) used s e l e c t i v e  decoupling of  carbon 
1 1 3s ig n a l s  as well as 2D H- C c o r r e l a t i o n  experiments t o  v e r i f y  the
1 1 o
assignments on the  H and C chemical s h i f t s  of ap igen in .
This study desc r ibes  the  use of In s e n s i t i v e  Nuclei Assigned by 
P o la r i z a t i o n  Transfe r  (INAPT) to  be used as a complementary method in  
so lv ing  s t r u c t u r a l  problems p e r ta in in g  to  f lavono ids .  This method 
was introduced by Bax (5) as a modified vers ion  of the  re focused 
I n s e n s i t i v e  Nuclei Enhanced by P o la r i z a t i o n  T rans fe r  (INEPT)
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I l l
experiment .  I t  is  a one-dimensional method f o r  determining two- and 
three-bond c o n n e c t iv i t i e s  and has been used f o r  the  unambiguous 
assignment of  C chemical s ig n a l s  of  po lycyc l ic  aromatic  
hydrocarbons (6).
I t  i s  known t h a t  the  hydrogen-bonded C-5-hydroxyl hydrogen of 
f l avonoids  e x h ib i t s  long-range couplings  t o  C-6, C-10 (7) and C-5 
(4 ) .  This common C-5-hydroxyl s u b s t i t u e n t  p re sen t  in  most f lavonoids  
was very useful in the  use of INAPT as an aid  in s t r u c t u r e
de te rm ina t ion .  Figure 4.1 i l l u s t r a t e s  how INAPT experiments can be
used to  d i s t i n g u i s h  between d i f f e r e n t  types  of C-5-hydroxylated 
f lavones  and f lavono ls  with one u n su b s t i tu ted  carbon in  r ing  A. In 
p r i n c i p l e ,  i t  should be app l icab le  i r r e g a r d l e s s  of the  kind of 
s u b s t i t u e n t  a t  the  o the r  carbons.
For flavones  and f lavono ls  with H-6 o r  H-8, p o l a r i z a t i o n  of
the  C-5-0H alone should be s u f f i c i e n t .  As shown in  Figure 4 .1a ,
compounds bearing a hydrogen a t  C-6 would t r a n s f e r  to  qua ternary  
carbons C-5 and C-10 and t o  one t e r t i a r y  carbon (C-6).  On the  o th e r  
hand, molecules with H-8 and any non-hydrogen s u b s t i t u e n t  a t  C-6 
would t r a n s f e r  to  th re e  qua te rnary  carbons (C-5,  C-10, and C-6).
To determine whether a proton s i n g l e t  i s  due to  an H-8 or an 
H-3, two INAPT experiments should be performed. The expected INAPT 
r e s u l t s  a re  i l l u s t r a t e d  in Figure 4.1b.  In a 5 , 6 , 7 - s u b s t i t u t e d  
f la v o n o l ,  p o la r i z a t i o n  of  H-8 would t r a n s f e r  t o  qua ternary  carbons C- 
6, C-10, C-7, and C-9 while p o l a r i z a t i o n  of C-5-0H would t r a n s f e r  to 
qua te rnary  carbons C-5, C-6, and C-10. In th e  5 , 6 , 7 - s u b s t i t u t e d  
f l a v o n o l ,  both INAPT sp e c t r a  would show p o l a r i z a t i o n  t r a n s f e r s  t o  C-6
Figure 4.1a. Expected INAPT results from flavones/flavonols with H-6 
or H-8.
Figure 4.1b. Expected INAPT results from flavonol with H-8 and a
flavon with fully substituted ring A. The triangle 
(a) denotes the polarized proton; the dot (•) denotes 
the carbons that would be affected 1n the INAPT 
spectrum.
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and C-10. For a 5 , 6 ,7 ,8 - s u b s t i t u t e d  f lavone ,  p o l a r i z a t i o n  of  H-3 
would t r a n s f e r  t o  C-2 and C-10 while p o l a r i z a t i o n  o f  C-5-0H would 
t r a n s f e r  t o  C-5, C-6, and C-10. In t h i s  f lavone system both INAPT 
s p ec t ra  would show p o la r i z a t i o n  t r a n s f e r s  to  C-10 only .  Since the  
chemical s h i f t s  of C-10 and C-2 a re  very d i s t i n c t ,  assignments could 
be performed unambiguously.
RESULTS AND DISCUSSION
The compounds t h a t  were used to  demonstrate the  u t i l i t y  of 
INAPT in s t r u c t u r e  e lu c i d a t io n  s tu d ie s  were f i r s t  analyzed by common 
spec t roscop ic  methods l ik e  UV, MS, j h and 13C NMR. These 
spec t ro scop ic  da ta  were presented in Chapter 3. Whenever p o s s ib l e ,
the  2D i H-i 5 c c o r r e l a t i o n  NMR data  were obtained to  v e r i f y  the  INAPT 
experiment r e s u l t s .
Compounds 1, la ,  and lb .
Analysis  of the  spec t roscop ic  d a ta  of compound 1 suggested 
t h a t  compound 1 has th e  following s t r u c t u r a l  f e a t u r e s :  t h r e e
methoxyl groups,  a 3 ' , 4 ' - s u b s t i t u t i o n  p a t t e r n  in r in g  B, th r e e  
hydroxyl groups,  and a proton s i n g l e t  a t  a 6 .96 (F igure  4 .2 a ) .  I t
was c l e a r  t h a t  two of the  methoxyl groups a re  a t tached  to  C-7 and C- 
3 '  while two hydroxyl groups a re  a t  C-5 and C -4 ' .  However, i t  was
d i f f i c u l t  to  a s c e r t a in  the  p o s i t io n  of the  remaining hydroxyl,  
methoxy and the  assignment o f  the  proton s i n g l e t  a t  s 6.96 which 
could be due to  an H-6, H-8, o r  H-3. The UV d a ta ,  a f t e r  t rea tm en t  
with AlClj/HCl,  suggested e i t h e r  a f lavone o r  a C-3-methoxylated
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flavonol with a s u b s t i t u e n t  a t  C-6 (1 ) .  However, the  mass spectrum 
showed a base peak a t  m/z [M-CH3 J-1" which suggested t h a t  compound 1 
could be e i t h e r  a C-8- o r  a C-6-methoxylated flavonol or f lavone 
( 2 ,3 ) .  The INAPT method was used to  re so lve  these  am bigu i t i e s .
Figure  4 .2  shows the  NMR s p ec t ra  of compound 1. P o la r i z a t i o n  
of the  d i s t i n c t  hydrogen-bonded C-5-hydroxyl pro ton a t  612.52 
t r a n s f e r r e d  to  t h r e e  quaternary  carbons: C-10 (6106 .0) ,  C-
5 (6134.1) ,  and C-6 (6143.1) (Figure 4 .2 c ) .  This f in d in g  e l imina ted  
the  p o s s i b i l i t y  of a s t r u c t u r e  with a proton a t  C-6. When the  proton 
s i n g l e t  a t  66.96 was p o la r i z e d ,  the  INAPT spectrum showed four 
qua ternary  carbons (Figure  4 .2 d ) .  These four  carbons are  due to  the  
p o l a r i z a t i o n  of both H-3 and H-5 ' .  I t  w i l l  be noted t h a t  s ince  the  
resonance of  H-3 i s  very c lose  to  H-5' p o l a r i z a t i o n  of t h i s  pro ton 
s ignal i s  not s e l e c t i v e .  This was confirmed by the  i d e n t i c a l  INAPT 
spectrum generated by p o la r i z a t i o n  of H-5 ' .  Never theless ,  the  carbon 
chemical s h i f t s  shown in Figure 4.2d ind ica ted  t h a t  the  carbons can 
be ass igned to  C-10, C-2, C -3 ' ,  and C-1‘ . This provided evidence 
t h a t  the  pro ton s i n g l e t  a t  66.96 i s  due to H-3 suggesting th a t  
compound 1 i s  a f lavone.
The INAPT experimental  r e s u l t s  performed on compound lb were 
more conc lus ive  because of i t s  w e l l - re so lved  proton chemical s h i f t s  
in  CDCl^. Figure 4.3b-d shows the  var ious  INAPT sp e c t r a  from the  
p o l a r i z a t i o n  s e le c ted  pro tons .  P o la r i z a t io n  of  H-3 showed resonances  
f o r  C-2 and C-10 (Figure 4.3b) while H-51 t r a n s f e r r e d  to C - l ' and 
C-31 and a small two-bond t r a n s f e r  to  C-41 (F igure 4 .3 c ) .  Since the  
H-3 and H-5' chemical s h i f t s  of  compound lb  are  well r e so lv ed ,  the
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p o la r iz a tio n  tra n sfers  were more s e le c t iv e .  P o la r iza tio n  o f H-6 ' and 
H-2* again produced the same INAPT sp ectra , showing C-2, C-3* and 
C-4* (Figure 4 .3 d ) .
When the a ceta te  d er iv a tiv e  o f  a polyhydroxy fla v o n e/fla v o n o l  
w ith a fr e e  C-5-hydroxyl group i s  stu d ied , more INAPT Inform ations 
can be obtained at a shorter time and the proton s ig n a ls  are o ften  
b e tter  reso lved .
Compound la  1s the d ia ce ta te  d er iv a tiv e  o f compound 1 w ith a 
C-6 -hydroxyl m oiety. The NMR spectrum of
compound la  i s  shown in  Figure 4 .4a; the 13C NMR spectrum is  g iven  1n 
Figure 4 .4b .
The INAPT spectra o f la  (Figure 4 .4 c - f )  agree w ith th ose  
obtained from 1 (Figure 4 .2 )  and lb (Figure 4 .3 ) .  P o la r iza tio n  o f  
th e  C-5 hydroxyl proton transferred  to  C-10, C-5 and C- 6  (Figure  
4 .4 c )  w hile p o la r iza tio n  o f  H-3 transferred  to  C-2 and C-10 (Figure  
4 .4 d ) . As observed prev iously  w ith compounds 1 and lb, th e data on 
la v e r if ie d  th at C- 6  1s a quaternary carbon. Furthermore, C- 6  must 
have an a ceta te  su b stitu en t because p o la r iza tio n  o f the methoxyl 
groups (F igures 4 .4 e - f )  did not e x h ib it  any p o la r iza tio n  tr a n sfe r  to  
C-6 .
la
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The INAPT s p e c t r a  o f  th e  remaining pro tons  o f  l a  were ob ta ined  
f o r  v e r i f i c a t i o n  purposes .  I t  was observed t h a t  f o r  non-coupled 
pro tons  with very c lo se  chemical s h i f t s ,  p o l a r i z a t i o n  t r a n s f e r s  a re  
observed f o r  the  carbons coupled t o  both s e l e c t e d  and n o n -se lec te d  
p ro to n s .  This i s  i l l u s t r a t e d  by th e  t r a n s f e r  from C-7- and C-8 - 
methoxy methyls which were performed a t  d i f f e r e n t  f r eq u e n c ie s  but 
gave s i m i l a r  s p e c t r a  (Figure  4 .4 e ) .  The d i f f e r e n c e  between the  
chemical s h i f t  o f  the  C-7- OCH3  and th e  C-8 -  OCH3  i s  12 Hz f o r
compound l a .  For the  C -3 ' -  OCH3  only th e  p o l a r i z a t i o n  t r a n s f e r  to
C-3* was observed (F igure  4 . 4 f ) .  The chemical s h i f t  d i f f e r e n c e
between C- 3 ' - 0 CH3  and the  n e a r e s t  proton s ig n a l  is  37 Hz. Thus i t
seems t h a t  a 37 Hz frequency  d i f f e r e n c e  i s  s u f f i c i e n t  to  avoid 
spur ious  pro ton  p o l a r i z a t i o n  t r a n s f e r s .
Confounds 2 and 2a
Only the  C-5-hydroxyl pro ton  in compound 2 produced a
s e l e c t i v e  INAPT spectrum. As shown in Figure  4 .5b ,  compound 2 a l s o
has a non-hydrogen s u b s t i t u e n t  a t  C- 6 . An a ttempt  t o  d e t e c t  
p o l a r i z a t i o n  t r a n s f e r s  t o  the  carbons two o r  t h r e e  bonds away from H- 
3 led  t o  p o l a r i z a t i o n  t r a n s f e r s  from H-3, H-8 , and H-5‘ s in ce  t h e s e  
p ro tons  a re  e i t h e r  over lapp ing  o r  have very c lo se  resonances .
However, th e  INAPT spectrum (Figure 4 .5c)  helped in  th e  ass ignment of  
th e  carbon s ig n a l s  f o r  C-5, C-6 , C-7, and C-9. Since the  s igna l  
a t  6129.9 i s  a f f e c t e d  in both INAPT s p e c t r a ,  i t  was ass igned  t o  C- 6
while  t h e  s ignal  a t  6146.2 must be due t o  C-5.
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The INAPT s p ec t ra  of  the  t r i a c e t a t e  2a show more s e l e c t i v e  
p o l a r i 2 a t io n  t r a n s f e r s .  In Figure 4.6d and 4 .6 e ,  H-2' and H-61 were
p o l a r l 2 ed as methine p ro tons .  P o la r i z a t i o n  t r a n s f e r s  from the
methoxyl groups were nonse lec t ive  due to the  very s im i l a r  resonances  
of th e se  protons  (F igure 4 . 6 f ) .  By comparing th e  INAPT spectrum of 
H-8 (F igure  4 .6 f )  with those of  the  methoxyl groups,  i t  was concluded 
t h a t  C-6 i s  a c e ty la t e d .  The r e s u l t s  of  th e  INAPT experiments
c o r r e l a t e  well with the  sho r t  range (F igure  3.15) and long range
(F igure  3.16) i H-i 3 c 2D NMR sp ec t ra .
Compound 3
The assignment of the  carbon s ig n a l s  of  compound 3 was based 
on r e l a t i v e  chemical s h i f t s  and the  INAPT r e s u l t s  (F igure  4 . 7 ) .
Here,  H-2‘ and H-61 were well  reso lved .  Both,  H-21 and H-6* were 
p o la r ized  as methylene protons thus  giv ing a more s e n s i t i v e  t r a n s f e r  
(F igure  4 . 8 ) .
Artemetin  (5)
Artemetin (5 ) ,  (5 -h y d ro x y -3 ,6 ,7 ,3 ' ,4 ' -p en ta m e th o x y f la v o n o l ) , a 
known f l a v o n o l ,  was a l so  used as a model compound f o r  the  INAPT 
exper iments .  I t s  *H NMR spectrum (Figure 4.9) shows th e  presence  of  
f i v e  methoxyl groups,  a hydrogen bonded hydroxyl ,  and a 3 1, 4 1-  
s u b s t i t u t i o n  p a t t e rn  in  r ing  B. I t s  long range *H-*3C NMR 
c o r r e l a t i o n  spec t ra  (Figure  4.10) shows the  one-bond, two-bond and 
three-bond proton carbon c o n n e c t iv i t i e s  in t h i s  molecule.
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The INAPT spectra  o f  artem etin (Figure 4 .11 ) co rr e la te  w ell 
with the *H-^C 2D sp ectra . P o la r iza tio n  o f the C-5 hydroxyl proton 
tran sferred  to  C-5, C-6, and C-10 (Figure 4 .1 1 b ). The s in g le t  due to  
H-8 had a p o la r iza tio n  tra n sfer  to  C-6, C-7, C-9, and C-10 (Figure  
4 .1 1 c ) .  Both C-6 and C-7 must bear methoxyl groups s in ce  both carbon 
s ig n a ls  appear upon th e p o la r iza tio n  o f th e methoxyl protons (Figure 
4 .11  e - f ) .  C-9 co rre la te s  only with H-8.
Comparison o f th e INAPT spectra o f  artem etin (5) and 5 ,6 ,4 ' -  
tr ih y d r o x y -7 ,8 ,3 ‘-tr1m ethoxy-flavone (1) shows th a t th is  method 1s a 
convenient method o f d if fe r e n t ia t in g  a flavone from a f la v o n o l. This 
1s I l lu s tr a te d  1n Figure 4 .1 a . An H-8 would tra n sfer  to  the nearby 
four carbons w hile  an H-3 tran fers only to  C-10 and C-2. Thus, 
p o la r iz a tio n  o f  the C-5-hydroxyl proton and th e proton s in g le t  would 
confirm  the stru ctu re  o f a fla v o n o ld .
INAPT Studies Involving Coupled Protons
The INAPT spectra for  the stron g ly  coupled proton H -51 have 
been shown to  be both s e le c t iv e  and s e n s it iv e .  I t  always shows
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t r a n s f e r  t o  C - l 1, C-31 and sometimes t o  C -4 ' .  However, when H-21 and 
H-6' a re  p o la r i z ed  using a D3 value of a methine [ D3 (CH) = 26.0 
msec] s i m i l a r  INAPT s p e c t r a  a re  obta ined  even i f  th e  d i f f e r e n c e  in 
t h e  chemical s h i f t  i s  31 Hz (see Figure 4 .6  d - e ) .  Using compounds 
l b ,  5, and 3 ,  i t  w i l l  be i l l u s t r a t e d  t h a t  bo th ,  D3 and ~ 30 Hz p ro to n  
resonance  d i f f e r e n c e ,  a f f e c t s  th e  INAPT s e l e c t i v i t y  of H-2* and H-61 
in f l a v o n o id s .
Figure  4 .1 2 .b -c  show th e  H-2' and H-6' INAPT s p e c t r a  of 
compound 5 us ing D3 f o r  a methine.  Both p ro tons  e x h i b i t  p o l a r i z a t i o n  
t r a n s f e r s  to  C-2 and C -41, accompanied by a small  peak due to  C -3 ' .  
When 03 f o r  a methylene pro ton was used (F igure  4 .1 2 d ) ,  H-21 
t r a n s f e r s  to  C-2,  C - 4 ' ,  C -3 ' ,  and C-2* were observed.  The low 
s e l e c t i v i t y  of th e  p o l a r i z a t i o n  t r a n s f e r  might be due to  th e  p ro ton  
chemical s h i f t  d i f f e r e n c e  which i s  about 20 Hz.
To le a rn  i f  an in c rease  in  the  d i f f e r e n c e  of  pro ton  resonance  
would improve th e  s e l e c t i v i t y  of  p o l a r i z a t i o n  t r a n s f e r ,  th e  resonance 
o f  p o l a r i z a t i o n  f o r  bo th ,  H-2' and H -6 ' ,  were moved by 5-10 Hz. The 
INAPT s p e c t r a  a re  shown in  Figures  4.12 e - f .  The b e s t  r e s u l t s  were 
achieved when the  pro ton resonance d i f f e r e n c e  was about 31 Hz.
Figure  4.12e  shows t h a t  H-2' t r a n s f e r r e d  t o  C-2, C -4 ' ,  C - 6 ' ,  and 
C - 3 ' .  F igure  4 .12 f  shows the  t r a n s f e r  from H-6' t o  C-2, C - 4 ' ,  and 
C - 2 ' .  The chemical s h i f t s  o f  C-21 and C-6'  agree  with th e  2D i H-J5c 
c o r r e l a t i o n  s p e c t r a  and i t s  environment.  C-2' has o -  and m-0CH3 and 
thus  r e s o n a te s  u p f i e ld  from C-6' t h a t  has m- and p-0CH3 groups.
Also ,  only H-2' shows a t r a n s f e r  t o  C-3' s in ce  i t  i s  th e  only  pro ton  
in r i n g  B with a two-bond C-H coupling t o  C -3 ' .
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The INAPT s p ec t ra  o f  H-21 and H-61 of compound 3 were a lso  
obta ined using D3 f o r  methylene protons .  The resonance frequency 
d i f f e r e n c e  in  compound 3 was about 49 Hz so the  resonance fo r  
p o l a r i z a t i o n  was not changed. P o la r i z a t i o n  of  H-21 t r a n s f e r r e d  to  
C-2, C-41, C-61 and C-3' (Figure  4 .8 b ) ,  whereas H-61 t r a n s f e r r e d  to  
C-2, C-41, and C-2* (F igure 4 .8 c ) .  Thus, f o r  compound 3 p o l a r i z a t i o n  
t r a n s f e r s  from H-2' to  H-6' were both s e l e c t i v e  and s e n s i t i v e .
The t r a n s f e r  from H-2' and H-61 from compound lb  a l so  showed 
i d e n t i c a l  INAPT s p ec t ra  when these  protons  used D3 value f o r  a 
methine (Figure 4 .3d ) .  When a methylene D3 value was used, 
s e n s i t i v i t y  increased thus showing t r a n s f e r s  t o  C-2, C -4 ' ,  C -3 ' ,  as 
well as to  C-2' and C-6' (Figure 4 .3 e ) ,  With compound lb ,  the  pro ton  
resonance fo r  p o la r i z a t i o n  has t o  be changed d r a s t i c a l l y  t o  achieve a 
30 Hz resonance d i f f e r e n c e .  Consequently, s e l e c t i v i t y  cannot be 
achieved in  t h i s  case .
Thus, f o r  s t ro n g ly  coupled protons l i k e  H-2' and H-6' t h a t  
have three-bond H-C con n ec t iv i ty  to  each o t h e r ,  INAPT s e l e c t i v i t y  and 
s e n s i t i v i t y  can be improved by t r e a t i n g  the  methine protons  as 
methylene protons  and by s l i g h t l y  changing the  proton resonance 
values t o  inc rease  i t s  d i f f e r e n c e  to  about 30 Hz. These o bserva t ions  
agree with th e  f ind ings  of Bax (5 ) .
INAPT i s  a very powerful too l  fo r  r e so lv in g  problems in the  
de te rm ina t ion  of f lavonoid  s t r u c t u r e .  I t  i s  exper im enta l ly  simple 
and s e n s i t i v e .  With the  a v a i l a b i l i t y  of powerful NMR f a c i l i t i e s ,  the  
experiment can be c a r r i e d  out with small amounts of  m a te r ia l  and in  a 
reasonable  amount of t ime.  In cases  where p o l a r i z a t i o n  of  the
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C-5-hydroxyl proton i s  s u f f i c i e n t ,  the  process can be f a s t .
Moreover, s e l e c t i v i t y  and s e n s i t i v i t y  i s  high with C-5-hydroxyls 
because i t s  resonance near  6 1 2  i s  well separa ted  from o th e r  f lavonoid  
p ro tons .  When p o l a r i z a t i o n  experiments of o th e r  protons  need to  be 
performed and the  proton s ig n a l s  are  over lapp ing ,  a c e t y l a t i o n  and use 
of  CDC13  as a so lven t  may be necessary t o  ob ta in  a well reso lved  
spectrum and consequently inc rease  the  s e l e c t i v i t y  of p o l a r i z a t i o n  
t r a n s f e r s .  Formation of a c e t a t e s  with a f r e e  C-5 hydroxyl group 
makes the  ta sk  even e a s i e r .
INAPT i s  a l so  usefu l  f o r  the  assignment of proton and carbon 
chemical s h i f t s .  Although o th e r  types  o f  f lavonoids  were not used in  
t h i s  s tudy ,  the  p o t e n t i a l  of  t h i s  method as a complement t o  o th e r  
spec t ro scop ic  methods i s  obvious.
EXPERIMENTAL
The NMR s p e c t r a  were acquired a t  25° on a Bruker AM400 
spectromete r using a 5 m  dual tuned j h / j :jc probe with observa t ion  
f requenc ies  of 400.13 and 100.62 MHz, r e s p e c t i v e l y .  All compounds 
were d is so lved  in  DMSO-dg a l l  compounds were d i s so lved  in  CHC^-d^ 
except f o r  compounds 1 and 2 which were d is so lved  in DMS0-d6 .
1H-13C S h i f t  Corre la ted  MR
Experimental condi t ions  and parameters a re  descr ibed  in 
Chapter 3.
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INAPT Experiments
The INAPT experiments were performed using th e  following pulse  
sequence ( 5 ,6 ) :
2H: Dl-90o-D2-180D-D2-90o-D3-180°-D3-BB
13C: -180°- -90° -180° -FID
The pro ton pulse  widths were obtained by us ing d i c h lo r o a c e t i c  
1 r
acid  with J CH “ 2 ,4  Hz. Proton r e l a x a t i o n  de lay  (Dl) was s e t  to
1.5 sec .  Length o f  delays  D2 and D3 were optimized f o r  three-bond 
3coupling cons tan t  = 7-8 Hz. The delay D2 was s e t  t o  20.75 msec 
f o r  a l l  p rotons  while D3 was s e t  t o  26.0 msec, 10.38 msec, and 7.25 
msec f o r  methine,  methylene and methyl p ro tons ,  r e s p e c t i v e l y .
The INAPT s p ec t ra  presented  were processed with LB = 2 and 
with  magnitude c a l c u l a t i o n  a f t e r  Four ier  t ran s fo rm a t io n  to  o b ta in  
p o s i t i v e  s i g n a l s .
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